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PREFACE. 


This little book is intended to help Indian students 
in learning the principles and practice of Arithmetic. 
It -contains all that is usually given in works on Arithmetic, 
together* such additional matter as has been deemed 
necessary to meet the wants of those for whom it is pre- 
pared. The explanations are given in a form such as 
would facilitate ^a clear and rational understanding of the 
principles ; and the examples appended to each chapter 
would, it is hoped, furnish ample exercise for the student. 


Karieeldaitoa, Calcutta, 
November^ zSjg^ 


G. D. B. 
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TXTKODUCTIOX. 

Article 1. Definition. Ar!tii3ij:itc is the science ot 
*> nihera. 

2. Defs. a Unit or Unity means ouf. 

A unit, or any part of unity, or aiiy collection of units oi 
perts of unity or both, is called a Numuer. 

Tlius, one, one-fourth, tv'o, thr('>'^ fourths, four and a half, are 
iiuiiibors. 

Defs. A iiiuiiber cond.ding 'wholly of entire units is 
.jailed an intev'er or a Whole Number. 

A number not c*..-i: listing wholly of entire units is called a 
Fraction. 

Thus, one, tivo, three, arc integers; half, three-fourths, ttvo and 
o half, are fractions. 

4. Defs. A number consisting of units or parts of units 
of no 2 ^i^i'ticular kind is called an Abstract Number. 

A number consisting of units or parts of units of some 
particular kind is called a Concrete Nu3iber. 

Thus, one, two, half, considered simply, are abstract num- 
bers ; but in the instances, one rupee, two yards, half a seer, one, 
two, and half, arc concrete numbers. 

5. From Arts. 3 and 4 it will be seen, that every number must 
be either an integer or a fraction ; and that each of these again 
must be cither abstract or concrete. Thus, numbers may be 
divided into the following four classes ; — 

I. Abstract Integers, 

II. Abstract Fractions. 

III. Concrete Integers. 

lY. Concrete Fractions. 
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C. Def. Zero, Cipher, or Nought, means 'nothing or no 
number. 

It indicates the absence of number. 

Being no number, it can neither be integral nor fractional, 
neither abstract nor concrete, in the ordinary sense of the terras. 
But in one sense, it may be said, in each case, to be of the 
same kind as the number whose absence it indicates. 

Sometimes, for convenience of expression, zero is said to be 
a number. Thus we say that zero is the smallest number in 
Arithmetic. The meaning of such a proposition is this : zero 
being nothing, is less than any number that we can take, and is, 
therefore, the least of all numbers. 

7. Def. Infinity means an infinitely large number, or a 
number larger than any number that we can take. 

It may, therefore, for convenience of expression, be con- 
sidered as the Largest possible number. 

8. Hence, all mimhers in Arithmetic range between zero and 
infinity, 

9. To facilitate operations, numbers have been expressed by 
certain figures or symbols j thus, 

one^ two, three, four, rf’c., are expressed by the figures, 

1, 2, 3, 4, &c. 

Defs. The art of expressing by figures any number which is 
given in words is called Notation. 

The art of expressing in words any number which is given 
VO. figures is called Numeration. 

10. When there are any two given numbers, amongst other 
numbers which may be produced by combining them in differ- 
ent ways, we must be able to know what number results — 

(1) when they are taken together; 

(2) when one of them is taken from the other ; 

(3) when one of them is taken a number of times equal to 
the other ; and 

(4) when it is counted how often one of them is contained in 
the other. 
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The operations for finding the results in the above four 
cases are defined below. 

11. Def. Addition is the method of finding what number, 
called the Sum, results from the taking together of two or 
more given numbers called the Summands. 

The sign + , read Plus, placed between two numbers, indi- 
cates that they are to be added together. Thus 1 + 2 means 
that om is to be added to two, 

12. Def. Subtraction is the method of finding what num- 
ber, called the Difference or Hemaixder, results from the 
taking of a smaller number, called the Subtrahend, from a 
greater, called the Minuend. 

The sign - , read Minus, placed between two numbers, indi- 
cates that the latter is to be subtracted from the former. 
Thus 2-1 means that one is to be subtracted from two, 

13. Def. Multiplication is the method of finding wdiat 
number, called the Product, results from the taking of one given 
number, called the Multiplicand, another given number of 
times. This last mentioned given number is called the Multi- 
plier. The multiplicand and the multiplier arc both sometimes 
called the Factors of the product. 

The sign x , read Into, placed between two numbers, indi- 
cates that the former is to be multiplied by the latter. Thus 
2x3 means that two is to be multiplied by three. 

14. Def. Division is the method of finding what number of 
times one number, called the Divisor, is contained in another, 
called the Dividend. The first mentioned number is called the 
Quotient. 

The sign + , read By or Divided by, placed between two num- 
bers, indicates that the former is to be divided by the latter. 
Thus 4 + 2 means that four is to be divided by two. So also, 
one number written above another with a line between them, in- 
dicates that the former is to be divided by the latter. Thus f 
means the same thing as 4 + 2. 

15. The femr operations defined above, Addition, Subtraction, 
Multiplication, and Division, form the basis of all other Arith- 
metic^ operations; as will be seen in the sequel. These four are 
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accordingly called the Fundamental Opekations in Aritlimetic. 
They will be considered with reference to the four classes of 
numbers in four separate Chapters. The other operations will 
be defined in their proper places as we proceed. 

16. Defs. Two or more numbers expressed in figures and 
connected by one or more signs of operati<ni, form what* is 
called an Expression. 

Thus 1 + 2 is an expression. 

When an expression is equal to iinother number or exj)ressiou. 
the sign = .read Equal, is placed between them to indicate 
this equality, and the whole expression consisting of the two 
equal numbers with the sign of eijuality placed between them, is 
called an Equation. 

Thus 1 + 2 = 3 is an equation. 

The signs *.• and mean Because and Therefore i-ospoc 
tively. 
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CHAPTER I. 

THE FUNDAMENTAL OPERATIONS WITH ABSTRACT 
INTEGERS. MEASURES AND MULTIPLES. 

SECTION I. NOTATION AND NUMERATION. 

1 7. As every integer consists wholly of entire units, we sec 
that out is the least integer ; the next integer two is formed by 
adding oiie to one; the next, tJn^'ee, by adding one to two ; and so 
on : and generally, every siif'ceedintj integer is formed by adding 
unity to the preceding. 

Thus we get integers from one to one hundred and upwards 
without limit. 

18. To express integers by symbols, the following are the 
three possible modes that we can adopt : — 

1st. We can take a symbol for unity, and express eveiy 
other number by repetition of this symbol. 

2nd. We can take a separate symbol for every separate 
number. 

3rd. We cfin take separate symbols for some of the integers, 
and express others by combinations of these. 

The first and the second modes are obviously complete^ that 
is, by them we can express all numbers ; but they are also 
obviously inconvenient^ when we have to express large num- 
bers \ for the first mode requires much space, and the second, 
the use of a large number of distinct symbols. Accordingly, 
these two modes have never been adopted, and we have only 
the third mode left for us. 

But adopting the third mode, there still remains the question, 
— ^how many different symbols shall we take, and what 
mode of combining them shall we adopt. 

The Greeks answered this question in one way, and invented 
their system of Notation. This is a complicate system, and 
so it has become obsolete. 
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The Romans answered it in another way, and invented 
their system of Notation. This too is not quite simple ; 
but it is not so complicated as the Greek system, and is still 
retained in use occasionally, as in indicating the hour marks 
on dials of clocks and watches. ^ 

The Hindus answered the question in a third way, and in- 
vented their system of Notation. This system was borrowed 
from them by the Arabs, and from these last, by the nations of 
Europe, and is on that account sometimes called the Arabic 
system of Notation. It is now’ the Common System of Notation 
in almost all civilized countries. It is the best system of 
Notation that has been invented. We proceed- to describe it 
in the next Article. 

19. The Common System of Notation. 

In this system, the numbers one^ two, three, four, five, six, 
seven, eight, nine, and zero, are expressed by the symbols 1, 2, 
3, 4, 0, 6, 7, 8, 9, and 0, which are called Digits ; and all other 
numbers are expressed by combinations of these figures accord- 
ing to the following Rule of Convention : — 

Rule. A figure in the foremost place tow’ards the right 
has its simple value, a figure removed one place tow’ards tlie 
left has its value increased tenfold, a figure removed two places 
towards the left has its value increased ten times ten fold or a 
hundredfold, and so on ; the value of a digit increasing tenfold 
at each step of removal towards the left : and zero may stand 
in any of these places except the last on the left, to show the 
absence of significant digits in those places, and to indicate 
the proper places for the digits to the left. 

Def. This increased value which a figure has in conse- 
quence of i\j% position, is called its Local Value, as distinguished 
from the value which it has when standing alone, and which 
is called its Intrinsic Value. 

Let us now see if this system is complete and convenient. 

20. This system of Notation is complete. For we can ex- 
press every integer in this system. Thus : — 

One, two, three, four, Jive, six, seven, eight, nine, are expressed 
by 1, 2, 3, 4, 5, 6, 7, 8, 9. Ten is ex- 

pressed by 10 ; for 0 standing in the foremost place on the 
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right, 1 is removed one place towards the left, and means 
ten times 1 or ten, and there is nothing more besides. 
Eleven is expressed by 1 1 ; for the 1 on the right means 1 
unit, and the other 1 means ten times 1 or ten units, and 
the whole therefore means ten and one or eleven. Similarly, 
ti^elve, thirteen^ fourteen, fifteen, sixteen, seventeen, eighteen, and 
are expressed by 12, 13, 14, 15, 16, 17, 18, and 19. 

Twenty being two tens, will be expressed by 20. 

So numbers ivom twenty-one io ninety-nine be expressed 

by combinations of two digits, thus: 21, 22, 29,30,31... 

99. 

Ninety-nine is the largest number that can be expressed 
by two digits. The next number one hundred wdll be expressed 
by 100 \ for the 1 standing to the left of two zeros has its 
value increased a hundredfold, and there is nothing more 
besides. 

One hundred and one will be represented by 101; for the 
first 1 on the right is 1 unit, and the last 1 on the left, 
being removed two places towards the left, is 1 hundred, 
and there is nothing more. Similarly numbers from one 
hundred and two to one hundred and nine will be represented 
by 102, 103, 104, 105, 106, 107, 108, and 109. 

One hundred and ten will be represented by 110; for the 
last 1 on the left is 1 hundred, the next is 1 ten, anc^ there 
is nothing more. One hundred and eleven wdll be represented 
by 111, as the last 1 on the left means 1 hundred, the next 
to its right, 1 ten, and the next after it, 1 unit. 

Similarly, numbers from one hundred and twelve to nine hun- 
dred and ninety-nine will be represented by combinations of 

three digits, thus: 112, 113, ..., 120, 121, 199, 200, 

201, ... 999. 

Niue hundred and ninety-nine is the largest number that can 
be expressed by three digits. The next number one thousand 
will be represented by 1000. And so on. 

Thus all integers can be expressed in this system. 

21. The Common System of Notation is also highly conve- 
nient^ as will appear from the following considerations. 
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In ordinary language, the first nine numbers are named one, 
two, (tc,, nine; the next is named ten; the next nine numbers 
are named eleven, twelve, thirteen, Sc,, nineteen, i. e., with slight 
modifications, 07ie and ten, two and ten, three and ten. Sc,, nine 
and ten. 

The next number is named twenty or two tens, and thoSe 
after it are named twenJty-one, twenty-two, Sc,, thirty, thirty-one 
Sc,, ninety-nine, i, e,, two tens and one, two tens and two, Sr., three 
tens, three tens and one. Sc,, nine tens and nine. The next 
number is one and those after it are named owf 7/ 

dred and one, o?ie hundred and two, Sc,, nine hundred and 
ninety-nine. And so on. 

Thus in common language, fin integer is named by nam- 
ing separately and explicitly the number of units, the num- 
ber of tens, the number of hundreds, the number of thoii- 
sands, &c., that it contains, in the order commencing with the 
highest, none of these numbers being greater than nine, and 
some of them being sometimes wanting. 

And we have seen that in the Common System of Notation, 
an integer is expressed by expressing separately and explicitly 
the number of units, the number of tens, the number of hun- 
dreds, the number of thousands, <fec., that it contains, in the 
order commencing with the highest, and proceeding from the 
left to the right, none of these numbers being greater than 
nine, and some of them being sometimes zeros. 

Hence we see tliat the mode of expressing a number in the 
Common System of Notation is just the same as the mode of 
naming it in common language, the number ten forming the 
basis of both ; and thus we can pass from the name to the 
symbolical expression, and vice versa, without any difficulty, 
taking care only, in Notation to fill up the vacant places with 
zeros, and in Numeration to observe the indications of zeros. 

It is this easy convertibility of the names of numbers t(> 
their symbolical expressions, and vice versa, that makes ^ this 
system of Notation so peculiarly convenient. 

'' 22. From Arts. 19-21 we see that wKen a‘ number is ex- 

pressed by figures, the place of the foremost figure on the right 
is the units* place, that of the second to the left is the tens* 
place, that of the third, the hundreds* place, and so on, as will 
be seen in the following Table, called the Numeration Table : — 
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Billions. 


Millions. 


Units. 


The period of 6 places from the 1 9th to the 24th consists 
of trillions ;thc next period of 6 places consists of quadrilUonb . 
the next period, of qicmtiUions ; etc. 

Hence a number expressed in figures can be readily aiail\v;ed 
into its constituent units, tons, hundreds, cfec., by separating itj> 
digits, and putting for each its proper local value. 

Thus for example let it be reipiired to analyze .*102064 mt(j 
its units, tens, hundreds, &c. 

\Vc have 302064 = 3 hundreds of thousands + no ton of thousands 
+ 2 thousands + no hundred + 6 tens -h 4 units 
= 300000 + 2000+ 60+4. 

23. The Indian Numeration Table in couiTmai use 
runs thus : — 





&c. 10 9 8 7 6 5 4 3 2 1 
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24. The following are the Rules for Notation and 
Numeration : — 

Rule I. In Notation, write down in their proper places 
digits corresponding to the numbers expressing the units, tens, 
hundreds, &c., in the given number, commencing with the 
highest 23lace, and fill up the vacant i)laces with ciphers. 

Rule II. In Numeration, after dividing by commas the 
figures composing the given number into jieriods of 3 figures 
each, commencing with the foremost figure on the right, 
read out the periods with their proper denominations, com- 
mencing from the left. 

Example 1. Write down in figures, two thousand and 
fifty millions, six hundred and thirteen thousand, five hundred 
and nine. 

Here the first or the highest number txoo expressing thou- 
sands of millions, belongs to the 10th place ; the 9th place is 
vacant, there being no hundreds of millions in the number ; 
there being fifty millions, i, e.. Jive tens of millions, the Jive 
belongs to the 8th place ; the 7th place is vacant there 
being no millions over and above the fifty millions ; the next 
number six expressing hundreds of thousands, belongs to the 
6th place ; there being thirteen thousands, i, e., one ten of 
thousands and three thousands, the one belongs to the 5th place 
and the three to the 4th ; the 3rd place will be filled by the 
Jive of five hundred j the 2ud place is vacant ; and the 1st place 
is filled by nine. The whole number will therefore be express- 
ed thus, — 2050613509. 

Ex. 2. Write in words the meaning of 320506190. 

Dividing the figures into periods we have 320, 506,190, 
and we see that the highest digit 3 belongs to the 9th or the 
hundreds of millions’ place, the next, 2, to the tens of mil- 
lions’ place, &c. ] the number will therefore be read thus : — 
Three hundred and twenty millions, five hundred and six 
^thousand, one hundred and ninety. 

25. The figure 0 annexed to the right of any integer 
expressed in figures, increases the value of every constituent 
digit tenfold by pushing it one place towards the left; and 
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thus increases the entire number tenfold. But annexed to 
the left of an integer, it has no effect. 

Thus 150 is ten times 15. 

26. We have seen that ten forms the basis of our ordinary 
mode of reckoning numbers. This is the case in almost every 
language, and was in all probability the fact which led to the 
invention of the Common System of Notation. But there 
arises the question, how to account for this fact. In answer 
to this, the following theory has been advanced, of which there 
is no reason to doubt the correctness. 

In primitive society, in the infiincy of Arithmetic, the teu 
fingers must have formed the readiest counters. But with the 
fingers, one man can count only up to ten ; and to count more, 
he must have some means of indicating that his ten fingers have 
all been counted over. The readiest mejins available for 
such purpose would appear to have been tlie raising of the 
fingers of a second man, one each time that the first man 
counted over all his ten. In this way, eleven, twelve, Ac., 
will be counted by 07ie raised finger of the second man repre- 
senting that all the ten fingers of the first have been once raised, 
and onCf two, dx. raised fingers of the firet. Twenty will be count- 
ed when the first man has counted over all his ten fingers again, 
and the second man has accordingly raised two fingers to indi- 
cate this. And so on. It was from this primitive mode of 
counting, that the almost universal practice of reckoning num- 
bers by periods of ten seems to have originated. 

This theory receives some confirmation also from the fact 
that the word digit, used to designate the elementary figures, 
also means a finger. 

We may observe that the digits, including zero, in the succes- 
sive places used to express a number in the Common System of 
Notation, correspond to the numbers of the fingers of the successive 
persons, raised to count the same number in the above mode. 
Thus; in 10, 

the 0 in the 1st place corresponds to no raised finger of the 1st man 

andl 2nd 1 ....2nd ... 

So, in 23, 

theSinthelst 3 fingers ,1st .... 

and2 2nd 2 2nd 

And so in other cases. 
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The inquiring student is referred for further information on 
the subject of Notation and Numeration to the Article on 
Arithmetic by Dr. Peacock in the Encyclopsedia Metropolitana. 

27. The Roman System op Notation. 

In this system, the following are the different symbols used*, 

viz., 

I, V, X, L, C, D or lo, M or CIo, 
fori, 5, 10, 50, 100, 500, 1000, 

respectively. Other numbers are expressed by combinations 
of these according to the following Rules : — 

1st. A character followed by one or more characters of 
equal or less value indicates a number equal to the sum of the 
values of all these characters. A character preceded by an- 
other of less value denotes a number equal to the difference 
of their values. 

ThusII=l + 1 = 2; IV = 5-1 = 4. 

2nd. Every q annexed to I q increases the value of the latter 
tenfold. Every C prefixed and j annexed to Cl 3 increases the 
value of the latter tenfold. 

Thus Ijj = 5000, CCIoo = 10,000. 

3rd. A line drawn over a character increases its value 
thousand-fold. 

Thus T = 1000. 

The representation of one, two, three, by I, II, III, ^. e., by one, 
two, three strokes, is natural enough. The representation of ten, 
which forms a turning point in our computation, by X or a cross 
wdth one stroke crossing another, and of five, the half of ten, by 
the upper half of X^ seems also to be equally natural.* 


To tK beginner (|fie foIloi;^iilg|f'able maybe of use. 


I,* 

11, 

III,- 

IV, 
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VI, VII, 

VIII, 

IX, 

. X, 
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2, 

3, 

4, 

5, 

6, 7, 

8, 

9, 

10, 

XI, 

XIT, 

XIII, 

XIV, 

XV, 

XVI, XVII, 

XVIII, 

XIX, 

XX, 
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12, 
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15, 

16, 17, 

18, ' 

19, 

20, 

XXX, 

XL, 

L, 

LX, 

LXX, 

LXXX, 

xc, 

c. 

30, 


40, 

50, 

60, 

70, 

80, 

90, 

100. 
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Examples 1. 

1. Express in fig ares the following : — 

(1) Ten ; twelve ; fifteen ; nineteen ; twenty-eight ; forty- 
four ; fifty-six ; sixty-one ; eighty-four ; ninety-two. 

, ( 2 ) One hundred and one ; one hundred and ten ; one hundred 
and fifty-four ; three hundred; four hundred and five ; five 
hundred and sixty ; seven hundred and seventy-four. 

(3) One thousand and one ; two thousand and fifty-one ; 
three thousand two hundred and sixty-three ; four thousand ; 
live thousand five hundred ; six thousand seven hundred and 
eighty. 

(4) One hundred thousand and one ; two hundred thou 
sand three hundred ; three hundred and six thousand, seven 
Imndred and nine ; four hundred and fifty-six thousand and 
four ; five hundred and sixty-seven thousand, four hundred 
and thirty-two. 

(o) Two niillious and one; three millions and twenty • 
nine j four millions, five hundred and sixty ; five millioiix', 
six hundred thousand, and seventy-four ; six millions, seven 
hundred and fifty-four thousand, three hundred and twenty- 
one. 

(6) Three billions ; four billions and five ; fi\'e billions, 
six thousand, seven hundred and eight ; seven billions, nine 
hundred and thirteen millions, five hundred and seventy-nino 
thousand, one hundred and thirty-five. 

(7) Nineteen trillions ; twenty trillions and twenty-four ; 
thirty-one trillions, five hundred and fifty-six thousand seven 
hundred and nine millions, eight hundred and twenty-seven 
thousand five hundred and twenty. 

(8) One lac and one ; two lacs three thousand and three ; 
five lacs sixty-one thousand seven hundred and twenty ; 
fifteen lacs thirty thousand six hundred and twelve. 

(9) Two crores and two; three crorcs five lacs seven thou- 
sand and nine ; five crores sixty-four lacs thirty-two thousand 
one hundred and seventy-eight. 

(10) Two hundred and sixteen crores fifty lacs sixteen 
thousand seven hundred and eighteen. 
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2. Express in words the following: — 

(1) 18; 20; 37; 58; 69; 85; 97. 

(2) 203 5 340 ; 456 ; 690 ; 708 ; 991. 

(3) 1009 ; 2029 ; 3690 ; 4862. 

(4) 102030 ; 230450 ; 300004 ; 745621. 

(5) 123456789 ; 987654321 ; 102030405. 

(6) 2468101214 ; 248163264128. 

(7) 50100200300400; 36912151821242730. 

(8) 2305843008139952128 ; 137438691328. 

3. Express in words according to the Indian Numeration 
Table the numbers in Examples (4) and (5). 

4. Analyze by separating into units, tens, &c., the num- 
bers ill Examples (1), (2), and (3). 

5. Express in Roman numerals the following: — 

(1) 25; 33; 46; 87; 99. 

(2) 101; 220; 314; 516 ; 999. 

(3) 1001; 1856 ; 1864. 

6. Express in figures the following : — 

(1) XXVII ; XXXIV ; XXXXV ; XLVI. 

(2) XCIX ; CCCI ; MXL ; DCL. 

(3) MDCCCLVI ; CIqDLXXXII ; MIX. 


SECTION II. SIMPLE ADDITION. 

28. Def. The Addition of abstract integers is called 
Simple Addition. 

29. The following Table called the Addition Table should 
be committed to memoiy by the beginner. 


Addition Table. 


1 I 

and 1 2 

and 1 

3 and 1 

4 and 1 

sand 

6 and 1 

1 7 And 1 

1 8 and 

9 and 

ii make? 1 make 3I 

I make 4 

1*1 

make 5 

I make 6 

X make 7 

I make 8 

I 

make 9 

X make 10 

2 

•• 3 * 

.. 4 

2 . . 

5 

\2 

.. 6 

2 

•• 7 

2 .. 

8 

2 .. 

9 

2 

. . 10 

2 ..11 

3 

4 3 

•• 5 

3 •• 

6 

3 

•• 7 

3 

.. 8 

3 

9 

3 

10 

3 

. . XI 

3 .. 12 

4 

•• 54 

. . 6 

4 .. 

7 

4 

.. 8 

4 

.. 9 

4 

10 

4 •• 

II 

4 

. . 12 

4 .• 13 

5 

.. 65 

7 

5 

8 

5 

.. 9 

S 

. . 10 

5 •• 

II 

1 •• 

12 

5 

•• 13 

5 14 

6 

.. 76 

.. 8 

6 , . 

9 

6 

.. 10 

6 

.. 11 

6 . . 

12 

6 .. 

13 

6 

14 

6 .. 15 

7 

.. 87 

.. 9 

7 .. 

10 

7 

.. XI 

7 

.. 12 

7 •• 

13 

7 •• 

14 

7 

.. 15 

7 .. jf- 

8 

.. 98 

.. 10 

3 .. 

11 

8 

.. 12 

8 

.. 13 

8 .. 

^4 

8 .. 

15 

8 

.. 16 

8 ... 17 


. . 10 9 

. . II 

; •• 

12 

9 . 

.. 13 

9 

.. 14] 

9 •• 

>5 

9 .. 

x6 

9 

.. 17 

^ .. It 


SIMPLE ADDITION. 


15 


30. Rule for Addition. Write down in figures the 
several summands one under the other, so that units may be 
under units, tens under tens, &c., and draw a line below the 
last. 

Add up the digits in the column of units, and place the 
figure in the units’ place of the sum below the column of units ; 
carry the number composed of the other digits, if any, 
add it along with the digits in the tens’ column, and place 
the figure in the units* place of this sum below the tens* 
column ; and carrying the number composed of the other digits, 
if any, to the next column, add it along with the digits in that 
column, and proceed as before. Repeat this process to the last 
column, and put the last sum in full. The entire number 
thus obtained is the sum required. 

Kx. Add together 1009, 588, 689, and 2109. 

By the Rule we have, 1099 

588 

689 

21^09 

4785 

Rt'ason for the Rale. To add numbers together is to add up 
successively the numbers of units, the numbers of tens, &c., that 
they contain \ and this is done by adding together the digits in 
their units’ places, those in their tens* places, &c., and placingthe 
sums under those corresponding places, taking care, when any of 
these sums contains a number of a denomination higher than 
that of the digits added, to carry such number and add it to 
the sum of the digits of the next place. Thus in the Example 
above, the several summands contain 9 + 8 + 9 + 9 units, 9 + 8 + 8 
+ 0 tens, 0 + 5 + 6 + 4 hundreds, and 1+2 thousands, and the 
entire sum required will be the sum of these units, together 
w ith the sum of these tens, the sum of these hundreds, and 
the sum of these thousands. Now 9 +8 + 9 + 9 units =35 
units, i, e., 5 units and 3 tens ; 5 therefore is the digit that 
belongs to the units* place of the sum required, and we accord- 
ingly put 5 in the units’ place. The 3 tens which the sum 
of the figures in the units* place gives, must now be added to 
the 9 + 8 + 8 + 0 ^tens thus giving ,3 +9^ 8 + 8 + 0 or 28 tens, 



16 


THE ELEMENTS OF ARITHMETIC. 


L e., 8 tens and 20 tens or 2 hundreds; we accordingly put 8 
in the tens' place, and carry 2 to be added to 0 + 5+ C + 4 the 
sum of the digits in the hundreds' column. We thus get 
2 +0 + 5 + 0 + 4 or 17 hundreds, i. e., 7 hundreds and 10 
hundreds or 1 thousand ; 7 therefore is to be put in the 
hundreds' place, and 1 is to be carried and added to 1 + 2 
thousands. We thus get 1 + 1 + 2 or 4 thousands, and 4 is 
accordingly placed in the thousands' place. The whole sum. 
therefore, is 4 thousands + 7 hundreds + 8 tens + 5 units, 
4785. 

Worked out at full length, the process will stand thus : — 

1009 = 1000+ 0+ 90+ 9 

588 = 500 + 80+8 

689= 600+ 80+ 9 

2409 = 2000+ 400+ 0+9 

. *, the sum = 3000 + 1500 + 250 + 35 

= 3000 + 1000 + 500 + 200 + 50 + 30 + 5 

= 4000 + 700 +80 + 5 

= 4785 

31. Proof. The correctness of the result in Addition 
may be tested thus : — 

Add the several summands omitting one of them ; to the 
sum thus obtained add the number omitted ; and then if thi^ 
last sum is the same as the sum of all the numbers, the result 
is in all probability con*cct. 

The reason for tins is obvious. 

Ex. Add together 359, 1267’, 486, 29. 


Opemtion Proof 

359 359 

1267 1267 

486 486 

29 29 

2141 1782 

359 
2141 
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Ex. ir. 


1 (2) 

11 

(3) 21 

(4) 11 (5) 13 

2 

12 

22 

21 

35 

3 

13 

23 

31 

57 

i 

14 

24 

41 

79 

ry 

15 

25 

51 

911 

6 

16 

26 

61 

113 

7 

17 

27 

71 

335 

8 

18 

28 

SJ 

577 

9 

19 

29 

91 

799 

123 

(^) 

135 (8) 147 (j) 

999 

321 


531 

258 

777 

456 


790 

741 

555 

654 


97 

852 

333 

780 


218 

159 

111 

987 


842 

951 

222 

6789 

(in 

1357 

(12) 1234 

(13) 1.5720 

9876 


7531 

567 

9134 

6798 


3175 

89 

720 

6978 


1537 

1011 

1516 

9678 


5173 

121 

9208 

6870 


7135 

31 

87 2 


(14) ICOOOOi (15) 

727421 

(16) 12345 

5200025 

48C853 

C789 

8630363 

959496 

1011 

1974791 

416151 

12131 

1250521 

752726 

4151 

9600069 

986383 

61718 

7000007 

1303 

404 


(17) 12347)6789 

987654321 
.432159876 
123456789 
341258967 
412359678 


(18) 121144 

169196 
225256 
289324 
361400 
441484 


2 
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2. Add together: — Six billions, five hundred and ninety -five 
millions, twenty-one thousand eight hundred and eighty-nine . 
two hundred and tw^enty thousand six hundred millions, one 
thousand and twenty-eight ; fifty-six millions and fifty-six : 
one hundred and ninety-eight millions, one hundred and niiiet.v- 
eight ; sixty thousand and fifty. 

3. Add together : — Two crores ten lacs fifty thousand and 
five ; sixty-six lacs eleven thousand and eeveii ; twenty -eight 
lacs seven thousand and five ; fifty crores sixty lacs and 
seventy. 

4. Add together: — 123, 246, 4812, and 9624; also 456. 
912, 1824, and 3648. 

5. Find the sum of 65793, 752810, 446602, and 3979 . 
also of 89210, 3579, 1012, and 201623. 

6. Add together the sums of 35, 55, and 75; 44, 64, and 84 , 
12, 24, and 36 ; and 29, 39, and 49. 

7. Add together the values, of 1+2 + 3 + 4, 11 + 12 + 13 
+ 14, 21 + 22 + 23 + 24, and 31 + 32 + 33 + 34; also of 2 + 4 + 6. 
1+3 + 5, 8 + 10 + 12, 7+9 + 11, and 2 + 4 + 8. 

8. Find the sum of 19 repeated 9 times; of 21 rci)eated 
11 times; of 32 repeated 8 times; of 64 repeated 8 times : 
and of 40 repeated 9 times. Find also the sum of these sums, 

SECTION III. SIMPLE SUBTRACTION. 

32. Defs. The Subtraction of abstract integers or of 
concrete integers of the same denomination is called Simple 
Subtraction. 

When a number is subtracted from another, then from the 
remainder so obtained, then from the next remainder, and so 
on, as long as the operation can be carried on, the entire process 
is called Continued Subtraction. It shews how often one 
number can be taken from another, or, in other words, how 
often it is contained in that other. 

33. Def. The sign ^is called a Vinculum, and the 
signs ( ) and -j }- are called Brackets. When numbers are 
placed under the former, or are enclosed within the latter, it is 
to be understood that the operations indicated within the sign 
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arc to be performed first, and the resulting number is then to 
l»e affected by tlie operations indicated outside. 

Thus, 7 - 5 - 2 or 7 “ (5 - 2) means that 2 is to be first 
suhtracted from 5, and then the result 3 is to be subtracted 
fngii 7. 

.‘) i. pRf fposiTiox T. If the same number bo added to, or 
^nl)tractcd from, l>oth the minuend and the subtrahend, tlie 
difference remains unchanged. 

Thus, 7-5 = 2; and 7 + 2- (5 + 2) = 9- 7= 2 also ; 
and so also 7 - 3- (5 -3) = 4- 2 = 2. 

Piiop. II. SubtraliOTid 4- remainder = minuend. 

J*ROP. Ilf. Subtrahend = minuend - remainder. 

For the minuend being made up of the subtrahend and the 
remainder, if the remainder is taken from it, there remains 
the subtrahend. 

Piiop. TV. If the same number be added to and subtracted 
from any number, the latter remains unchanged. 

35. The following Table, called the Subtraction Table, 
siiould be committed to memory by the beginner. 


Subtraction Table. 


I from 


2 from 

3 from 

4 

from 

5 

from 

6 from 

7 

from 

8 from 

9 from 

T leaves o 

2leaveo 

jle.aveo 

4leuveo 

sleavee 

61eaveo 

/leave 0 

Sleaveo 

9leaveo 

2 . . 

1 

3 . 

I 

4 .. I 

5 

. . I 

6 

. . 1 

7 • 

I 

8 

.. I 

9 •• 

T 

10 .. 1 

3 •• 

2 

4 • 

2 

S', a 

<j 

.. 2 

7 

.. 2 

8 .. 

2 

9 

.. 2 

10 .. 

2 

II .. 2 

4 • 

3 

5 • 

3 

6 .. 3 

7 

•• 3 

8 

•• 3 

9 • 

3 

10 

•• 3 

II .. 

3 

12 .. 3 

5 ■ 

4 

6 . 

4 

7 .. 4 

8 

4 

9 

.. 4 

TO . 

4 

II 

.. 4 

Z2 .. 

4 

13 .. 4 

6 .. 

5 

7 • 

5 

8.-5 

9 

•• 5 

10 

•• 5 

II . 

5 

12 

•. 5 

13 .. 

5 

14 .. 5 

7 •• 

6 

8 . 

6 

9 . . 6 

10 

.. 6 

II 

.. 6 

12 . 

b 

13 

.. 6 

14 .. 

6 

15 •. 6 

8 .. 

7I 

9 • 

7 

lo .. 7 

II 

•• 7 

|I2 

•• 7 

13 • 

7 

14 

•• 7 

15 •• 

7 

16 .. 7 

9 •• 

81 

10 . 

8 

II .. 8 

12 

.. 8 

13 

.. 8 

14 . 

8 

IS 

.. 8| 

16 .. 

8 

17 .. 8 

o . . 

9I1T . 

9'i2 .. 9 

13 . 

.. 9 

11 

.. 9 

15 • 

9 

16 

.. 9I 

17 .. 

9 _ 

18 . . 9 


36. Rule for Subtraction. Place the smaller number under 
the greater, so that units may be under units, tens under tens, 
Ac., and draw a line below. 

Subtract each figure of the subtrahend, commencing with 
the units’ figure^ from the corresponding figure of the minu- 
end, and write the difference below it. When any digit 
in the subtrahend is greater than the corresponding digit in 
the minuend; add 10 to the latter and then subtract the 
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lower digit from the sum so obtained, and put down the 
diftereiice l)elow, taking care to carry 1 and add it to the 
next figure in the subtrahend before subtracting it from tlie 
corresponding figure in the minuend. The entire number 
thus obtained is the difference required. 

Ex. 1. Subtract 938 from G183. 

By the Rule we have G183 
938 
5245 


Reason for the Rule. To subtract one number from another 
is to subtract successively the number of units, the number 
of tens, &c., that the former contains, from the number of 
units, the number of tens, <fec., respectively in the latter ; 
and this is done by subtracting the digits in the successive 
places in the subtrahend from the corresponding digits of the 
minuend, and placing the differences under those correspond- 
ing places. If any digit in the subtrahend is greater than the 
corresponding digit in the minuend, to make the subtraction 
of that digit possible, we add to the digit in the minuend 10 
of its own denomination, 6., 1 of next higher denomination, 
and to keep the difference unchanged, we add 1 of this next 
higher denomination to the subtrahend, {Art. 34, Prop. I), 
i. e., add 1 to the next digit in the subtrahend, before sub- 
tracting it from the digit above it. Thus in the Example 
above, 3 units being less than 8 units, we add 10 rmits, i, c., 
1 ten to 3 making it 13, and taking 8 units from 13 units, 
we have 5 units left; we therefore put 5 in the units’ place of the 
difference required. And having added 1 ten to the minuend, 
to keep the difference unchanged, we must add 1 ten to the 
subtrahend ; accordingly we carry 1 and add it to the 3 tens, 
thus getting 4 tens, which taken from 8 tens, leave 4 tens ; 
we therefore put 4 in the tens’ place. Again, 1, i. e., 1 hun- 
dred being less than 9 or 9 hundreds, we add 10 hundreds or 

1 thousand to it, thus getting 1 1 hundreds, and taking 9 
hundreds from this, we have 2 hundreds for* the difference; so 

2 is put in the hundreds’ place. And having added 1 thousand 
to the minuend, we must add it also to the subtrahend; and 
taking this 1 thousand from 6 thousands^ we have 5 thousands 
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for the (lififereiicG, and so we put 5 in the thousands* place. 
The whole difference, therefore, is 5 thousands + 2 hundreds 
+ 4 tens + 5 units, 5245. 


W orked out at full length, the process will stand thus : — 


, Diff. of G183 
and 938 

= diff. of GOOO + 100 + 80 + 3 
and 900 + 30 + 8 


= diir. of GOOO + (1000 + 100) + 


= diff. 


and 1000 + 
of GOOO + 
and 1 000 + 


5000 + 


900 +(10 + 
1100 + 

900 + 

200 + 


80 +(10 + 3) 
30) + ' 8 

80 + 13 

40 + 8 

40 + o 


5245 


Ex. 2. Find by Continued Subtraction how often 5 can be 
taken from 17. 

17 


5 


12 rem. after 5 is taken once; 

5 


7 twice ; 

5 


2 thrice ; 

and 5 being greater than the last remainder 2, cannot be 
taken from it any more. 

Thus 5 can be taken 3 times from 17, and there remains 
the number 2 besides. 

Ex. 3,. What number must be added to 12 to produce 19 ? 
Since by Art. 34, Prop. II, 

the diff. between two numbers + the smaller = the greater, 
the no. reqd. = the diff. between 19 and 12 
= 7 

Ex. 4. What number must be subtracted from 21 to give 
15] 
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Since by Art. 34, Prop. Ill, 
the subtrahend = the minuend - the remainder, 

the no. reqd. = 21-15 
= G. 

37. Proof. To test the correctness of the result obtained 
})y Subtraction, add the subtrahend and the diffen iicc together : 
and if the sum equals the minuend, the result may be pre- 
sumed to be correct. 

The reason for this is clear from Ait. 34, Prop. II. 

Ex. Subtract 325 from 1203. 


Operation 

Proof 

1203 

325 

325 

878 

878 

1203" 


Ex. III. 


1. Subtract the smaller number from the greater in the 
f< blowing Examples : — 

(1) 18 (2) 27 (3) 30 (4) 47 (5) 67 

1^ 1^ ^ 30 4^ 

(G) 123 (7) G78 (8) 101 (9) 151 (10) 100 

_9_ _9_1 ^ 99 

(11) 202122 (12) 484950 (13) 657C<S7 (14) 192837 

23240 51520 56G77 8 2841 G 

(15) 918273 (IG) 900009 (17) 80604020 (18) 98765432! 
827364 98765 9070503 1 23456789 

(19) 20004 (20) 40009005 

10005 30008007 

2. (1) By how much is the number five thousand greater 
than five hundred ] 

(2) By how much is the number five lacs greater than 
five thousand 1 

(3) By how much is the number six crores greater than 
three lacs ? 
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3. AVLat number must be added 


to 78 to make 100 ; 

75 ... 120 ; 

r>4 ... 128; 

120 ... 240; 

400 ... 529; 

890 ... 1000; 

725 ... 2009; 

99999 ... 111111; 

88888 ... 222222 ; 

50005 ... 100000] 


4. Find the difierence between the sum and the difFei'eiice 
<»r ;i million a7Ki a billion, and of a croro and a lac. 


5. Find by (Vmtinued Subtraction the number of times that 


(1) 

90 

is contained in 900. 


99 


999. 

123 


1234. 

(i) 

55G 


2556. 


2578 


8752. 


1234 


9876. 

^■) 

576 


4000. 


677 


5000. 


881 


6400. 

(10) 

500 


2640. 


0. Find the last remainder in each of the above Examples. 

7. (1) What number together with the sum of 15 and 
1 r* will be equal to the difference between 2 and 200 ? 

(2) What number together with the difference between 
5 and 15 will be equal to the sum of 6 and 16 ] 

8. . What number must be subtracted 


from 

100 

to give 

67; 


210 

78; 

• • • • 

320 

. . . 

89 ; 

• • • • 

1029 

. . . 

890; 

• 

542 

. . . 

120 ; 

ft « » 

3589 

. . . 

1234) 
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SECTION IV. SIMPLE MULTIPLICATION. 

3S. Til Multiplication, cue of the giTen numbers, namely, 
the muHiplier must ahvays be an abstract number. P'or it indi- 
eales tie number of times that the multiplicand is to he re- 
j>eated ; and there would he no mttining in saying tliat »a 
number is repeated a concrete number of times, such as.;?r< 
rupees tim. ■, or the like, as that would bo absurd. 

The multiplicand may be abstract or concrete, and the 
product will be abstrac or c(*ncretc accordingly . 

39. Def.s. When the multi]>licand is an abstract numher. 
or a concrete number of one denoniinatHai only, the Multi 
])licai.ion is called Simple }lcLTIPl.ICATlo^^ 

When the product of two numbers is multi]>lied ]»y a thirii 
number, then the product so obtained, by a fourtli, and so on. 
the process is call'^d Continued Muj.tipltcatiox, and the last 
product, the Continued Product of all the numhers. 

40. Multh hcation is a short method of adding any number 
repeated as a ^ammand any number of times. 

ms 7x4 ncans 7 taken 4 times, /. e.. 7 + 7 + 7 + 7. 
and is equal to !.S. 

41. To muliiply one abstract number l>y another is the 
s^mle thing as to multiply ihe latter by tlie former. 

Thus 3 X 4 is the -,imc as 4 x 3. 

P'or 3 x4 = 3 + 3 + 3 + 3 
= 1 + 1+1 
+ 1 + 1+1 
+ 1 + 1 + ] 

+ 1 + 1+1 

= 4 horizontal rows of 3 ones each, 

= 3 vertical rows of 4 ones each, 

= 4 ones repeated 3 times 
= 4x3. 

42. Deps. When an integer is the product of two or more 
other integers, it is called a Composite Number, and those 
other integers are called its Factors. When an integer has 
no such factors, it is called a Prime Number. 


i. e. 

or 
i, e. 
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Thus, G,9,10 are composite numbers, being composed of the 
factors 2 and 3, 3 and 3, 2 and 5, respectively ; 

and 2, 5, 7 are prime numbers. 

The continued product of any number repeated as a fac- 
tor, is called a Power of that number, being called the First, 
Sji:coNn, Third, tkc. Power, according as the factor enters once, 
twice, thrice, etc. Tlui second and the third powers of a number 
arc resjjoctively called the Square and the Cube of tliat number. 

The power of a number is denoted by that number having 
above it to its right a number indicating how often the former 
is repeated as a factor, and this last number is called the 
Indkx of the power. 

'Jims, 

2 is called the Istpow’cr of 2, and is denoted by 2 ^ or 2; 


2x2 or 

4 

....2nd 

2”; 

2 X 2 X 2 or 

8 

3rd 

2’. 

tkc. 

ttc. 

<kc. 

<fcc. 


43. When the multiplier is the product of a series of fac- 
tors, the product of the multiplicand and the multiplier is 
obtained by multiplying the former by the first factor of the 
latter, then the product so obtained by the next factoi', and 
so on, to the last fxetor of the multiplier. 

Thus 7x0= 7+7 + 7 + 7 + 7 + 7 
= (7+7) + (7 + 7) + (7 + 7) 

= (7 x2)+(7 x2) + (7 x2) 

= (7 X 2) X 3, 2 and 3 being the factors of 0. 

44. Prop. I. A number x zero or zero x a number = zero. 

For a number taken ?^o number of times, or nothing taken 

any number of times, will only give nothing as the product. 

Prop. II. A number is multiplied by 10, 100, &c.,, by affix- 
ing one, two, &c. ciphers to its right. 

The reason is clear from Art. 25. 

Prop. 111. The product of any number and the sum of 
any two others is equal to the sum of the products of tliat 
number and each of the others. 

Thus 5x (3+4) = 5x3 + 5x4. 

For 5 x (3 + 4) means 5 taken as often as there are units in 
3 and 4 taken together, i. e., as often as there are units in 
3 and also as often as there are units in 4 ; 
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5 x(3 + 4)=(r)+5+5)+(5 + 5 + 5 + 5) 

— ■ 5 taken 3 times + 5 tiiken 4 times 
=5x3+5x4 

ir>. The following Table called the Multiplication Table 
jonld be committed to memory. 

Multiplication Table. 
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11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

11 

121 

132 

143 

154 

165 

176 

187 

198 

209 

220 

12 

1 144 

1 

156 

168 

180 

192 

204 

216 

228 1 240 

13 

i |l69 

182 

195 

208 

221 

234 

247 

260 j 

1 14 

! 

! 

; 


190 

210 

224 

238 

252 

266 

280 

! 





225 

240 

255 

27o 

285 

300 

It) 






256 

1 

272 

2SS 

304 

320 

17 







289 

306 

323 

340 

18 








324 

342 

360 

19 

[ 









361 

jsso 

20 I 









400 


Xoie . — The Multiplication Table given above is in the form 
Jii which it is taught to boys in Bengal in their vernacular. 

40). IluLE FOR Multiplication. Write down the multi 
plier under the multiplicand, so that units may be under units, 
tons under tens, &c., and draw a line below. 

Multiply every figure of the multiplicand beginning with 
the units’, by the units’ figure of the multii)lier ; place the 
units’ figure of the first product under the figure of the mul- 
tiplier that is being used ; carry its tens’ figure, if any, add it 
to the next product, and place the units’ figure of that product 
thus increased in the next place to the left ; and carrying the 
tens’ figure, if any, add it to the next product, and proceed as 
before, down to the last product, and write that product, in- 
creased as above, in full. 

Repeat the same process with the tens’, hundreds’, <kc. 
figures of the multiplier, taking care to place the first digit in 
each case under the figure of the multiplier that is being 
used. 

Add up the several lines of figures as in Addition, and the 
sum will be the product required. 
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Ex. 1. Multii)ly o304 by 2039. 

By the Rule we have, 3304 

2039 

4773G 

15912 

0000 

10008 

10814S:>G 

Reason for the Rule. To multiply one number by another is 
to multiply the number of units, the number of tens, etc., con- 
tained in the formei*, first by the number of units, then by the 
number of tens, etc., in the latter, and then to add up these 
partial products : and this is done by multiplying every figim* 
of the former by each figure of the latter, and adding up the 
several products, regard being had to the local values of the 
figures. 

Thus in the Example above, the required product will 
be obtained by taking 5304 first 9 times, tlien 30 times, and 
then 2000 times, and adding up tlic partial products thus 
obtained. 

Now to obtain 9 times 5301, we take 9 times 4 units, tlius 
getting 3G units, i. e., 3 tens and 6 units, and we .*. put 6 in 
the units’ place ; we then take 9 times 0 tens, e., 0 tens, which 
Avith the 3 tens in hand give 3 tens, and we put 3 in the 
tens’ place ; we next take 9 times 3 hundreds, thus getting 27 
hundreds, i. e., 2 thousands and 7 hundreds, and we put 7 
in the hundreds’ place ; w e lastly take 9 times 5 thousands, or 
45 thousands, which with the 2 thousands in hand, give 47 
thousands, and Ave put 7 and 4 in the thousands’ and tens 
of thousands’ places respectively. Thus Ave have 9 times 5304 
- 47736. 

Next, to obtain 30 times 5304, we take 3 times 5304 or 
15912, Avhich is obtained in the same way as 9 times 5304, 
.,and then multiply 15912 by 10, thus getting 159120 for the 
true partial product. (Art. 43.) The cipher at the end of 
this true partial product is omitted for convenience’s sake, and* 
the multiplication by 10 is indicated by removing the digits in 
the product of 5304 and 3 one step towards the left. 
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The next line consists of zeros, as it consists of the product 
of o304- and 0 liundrcds. 

Lastly, to obtain 2000 times 5304, we take 2 times 5304 
or ]U()0(S, and then multiply 10608 by 1000, thus getting 
106‘)S000 for the true partial product. We omit the 3 ciplicrs 
at the end for the sake of convenience, and indicate the multi- 
plication by 1000 by removing the digits in the product of 
5304 and 2 three places to the left. 

Worked out at length, the process wall stand thus ; — 

5304 

2039 

47736 

159120 

000000 

10608000 

10814856 

(h- more fully thus : — 

Since 2039 = 2 x 1000 + 0 x 100 t 3 x 10 + 9 
5304 X 2039 = 5304 x 9 + 5304 x 3 x 10 + 5304 x 0 x 100 
+ 5304 x2 x 1000 

Now 5304 X 9 = 9 X 5000 + 9 x 300 + 9x0 + 9x4 
=3 45000 + 2700 + 0 + 36 

= 47736 

Similarly 5304 x 3 x 10= 159120 

5304 xO X 100= 000000 

5304 X 2 X 1000 = 10608000 

the required prod. = 10814856 

Ex. 2. Find the continued product of 21, 22, and 23, 

21 

22 

42 

42 

462 

23 

^386 

924 

TOT 
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47. Additional Rules; 

Rule. I. When a cipher occurs in the midst of other 
in the multiplier, the line of zeros in the series of partial 
products may be omitted. 

Rule. II. When the multiplicand or multiplier or both, 
contain ciphers at the end on the right, the product is obtain- 
ed by first multiplying the numbers stripped of these ciphers, 
and then affixing to the right of the product thus obtained 
all the ciphers omitted. 

Ex. Multiply 4300 by 2030 

By the Rule we have 43 
20 3 

129 

80 

8729; .-. the full ju-oduct ■= 87Ld>OnO 

Jlmso)i for the Rule. By Art. 44, Prop. II, 

4300 = 43 X 100, and 2030= 203 x 10 ; 

4300 X 2030=43 x 100 x 203 x 10 = 43 x 203 x 100 x 
= 43 X 203 X 1000 = 8729 x 1000 

= 8729000. 

48. Multiplication by Factors. 

Rule. When the multiplier is composed of simple factors, 
multiply the multiplicand by the first factor, then the first 
product by the second factor, and so on. The last product 
will be the one required. 

The reason for this is clear from Art. 43. 

Ex. Multiply 204 by 72. 

Since 72=8 x 9, we have by the Rule 
204 
8 

1632 

9 

14688 the prod. reqd. 

49. Proof. The correctness of the result in . Multipli- 
cation may be tested by the following method, called 

Casting out the Nines”: — 
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From the siiDi of the digits of the multiplicand subtract 

as often as it can be subtracted, and set down the hast re- 
mainder. Do the same thing with the multiplier and the 
product, and set down the corresponding remainders. Then 
if the last remainder left after successively subtracting 9 from 
tfie product of the remainders corresponding to the mul- 
lijdier and the multiplicand, be the same as the remainder 
corresponding to the product, the operation has, very proba- 
bly. been correctly performed. 

Thus, referring to Ex. 1 in Art. 4G, 
e have the sum of the digits of the multiplicand =12, 

multiplier = 14, 

product = 33, 

and 12 - 9 = 3, the last rem. corresponding to the multiplicand. 

14 - 9 = o, multiplier. 

and 33- 9-= 24, 

24 - 9 = 15, 

1.5 - 9 = G, product. 

Now 3x5 = 15, 

and 15 - 9 = G = 

Hence we may say that the operation has been correctly 
performed. 

Tlie comparision of the remainders is usually exhibited 
thus : — 



The reason for this will be found in Art. 60. 

Ex. IV. 

1. Multiply — 

(1) 123 by 4, 5, 6, 8, and 9. 

(2) 456 by 7, 8. 9, 10 and 11. 

(3) 789 by 3, 6, 9, 12, and 15. 

(4) 123466789 by 5, 10, 15, 20, and 25, 

^5) 987654321 by 8, 12, 16, 20, and 24. 
(6) 123789 by 456, 654, and 465. 
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(7) 123456 by 789, 987, and 798. 

(8) 1002003 by 405, 504. and 450. 

(9) 4050607 by 809, 908, and 890. 

(10) 80901001 by 1020, 3040, and 5060. 

(11) 1200240048 by 12036 and 63021. 

(12) 987654321 by 123456789 and 13579. 

(13) 12340000 by 8900, 6700, and 4500. 

(14) 5678000 by 91011000 and 121300. 

(15) 89101100 by 50600 and 60500. 

2. Find by Multiplication by factors the values of : — 

(1) 123456 x 16. (2) .567890 x 32. 

(3) 567890 X 64. (4) 987650 x 128. 

(5) 69121518 x 81. (6) 13579 x 240. 

3. Find the continued product of 

(1 ) The first nine integers. 

(2) 2, 4, 6, 8, 10, and 12. 

(3) 3, 6, 9, 12, and 15. 

(4) 1, 7, 11, 13, and 19. 

4. Find the values of the following ; — 

(1) 1 ’ +2’‘ + 3’+4’+5’‘+6'+7'+8’+9“. 

(2) 1® + 2’ +3’ +4’ +5’ +6° +7’ +8° +9“. 

(3) 25*xl5®. 

5. Multiply one crore by one lac, and fifteen crorcs by six- 
teen lacs. 

6. Multiply the sum of 1 lac and 1 crore by their differ- 
ence, and also by twice that difference. 

7. Multiply the difference between a lac and a thousand 
by that between a million and a crore, 

SECTION V. SIMPLE DIVISION. 

50. In Art. 14, the quotient has been defined to mean the 
number of times that the divisor is contained in the dividend. 
It may also mean the magnitude of each part of the dividend, 
when it is divided into the number of parts indicated by the 
divisor ; and this, in fact, is its meaning, according to the 
sense in which Division is ordinarily understood. Thus, when 
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in common parlance we say, “ Divide 8 by 2,” the result we 
want is tlie magnitude of each part of 8 when it is divided into 
2 equal parts, and not the nund?er of times that 8 contains 2. 
The numerical value of the quotient, however, is the same, 
whichever meaning is attached to it. 

*To shew this, let us take as an example 13 -r 4. 

Then, by our Definition in Art. 14, 1 3-^-4 is 3 with 1 
over, i. e., 13 contains 4, 3 times, and there is 1 over ; or in 
other words, 13 is 3 times 4, together with 1. 

But 3 times 4 is the same as 4 times 3 (Art. 41). 

Therefore, 13 is 4 times 3 together with 1 ; or in other 
words, 13 contains 3, 4 times, and there is 1 over ; i. e., 13 
divided into 4 equal parts gives 3 as the magnitude of cacli 
part, and there is 1 remaining undivided. 

Sometimes the quotient can have cither meaning, and some- 
times only one of the two, as will be seen in the next 
\r\ iclc. 

ol. Prop. I. If the dividend be an abstract number, the 
divisor must also be an abstract number ; and the quotient 
will be an abstract number, indicating eitlier the number of 
times that the dividend contains tlie divisor, or the magni- 
tude of each part of the dividend, when it is divided into the 
number of parts denoted by the divisor. 

Prop. II. If the dividend be a concrete number, the divi- 
sor may be eitlier abstract or concrete ; and in the former 
case, the quotient will be a concrete number, indicating the 
magnitude of each part of the dividend when it is divided 
into the number of parts denoted by the divisor ; and in the 
latter, it will be an abstract number denoting the num- 
ber of times that the dividend contains the divisor. 

The jreason for this will be clear from the following con- 
siderations : — 

Take as an example, the number ten divided by the number 
two. • 

. In 10 -r 2, the quotient 5 can have either meaning : . it may 
mean, eith^ the number of times that 10 contains 2, or the 
magnitude of each part of 10 when it is divided into 2 
equal parts. 


3 
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In 10 2 rupeesy the operation would be unmeaning and 

absurd in either sense, as we cannot say that 2 rupees are 
contained in the abstract number 10 any number of times, 
nor can we divide the abstract number 10 into 2 rupees 
parts. 

In 10 rupees -r 2, the quotient 5 can only mean 5 rupees, 
i. f., the magnitude of each part of the sum of 10 rupees, 
when it is divided into 2 equal parts. It cannot have the 
other meaning, for we cannot say that 10 rupees contain the 
abstract number 2 any number of times. 

In 10 rv/pees 2 rupees, the quotient 5 can only mean the 
abstract number 5, L e., the number of times that the sum of 
2 rupees is contained in the amount 10 rupees. It cannot have 
the other meaning, for there can be no moaning in saying tluit 
10 rupees are to be divided into 2 rupees parts. 

52. Defs. The Division of abstract integers or concrete 
integers of one denomination only is called Simple Divlsion. 

In the Division of integers, where the divisor is not contained 
in the dividend an integral number of times exactly, the 
number which remains after the former is taken from the 
latter the greatest possible number of times is called th(‘ 
Eemainder. 

Thus in 17 5, since 17 contains 5, 3 times and no more, 

with 2 over, the result of the operation is the quotient 3 
with the remainder 2. 

53. Division is a short method of subtracting one num- 
ber repeatedly from another, to find how’ often the former 
is contained in the latter. 

Thus, to divide 17 by 5 is to repeat the following operations 
of Subtraction,— (1) 17 - 5 = 12 ; (2) 12 5 = 7 ; (3) 7 - 5 == 2 ; 

wdience we see that 17 contains 5, 3 time.s with 2 over. 

54. Prop. 1. Dividend = divisor x quotient + remainder. 

Prop. II. The product divided by the multiplicand or the 
multiplier = the multiplier or the multiplicand. ^ 

These evidently follow from the Definitions. 

Prop. III. A number is divided by 10, 100, ic., by strik- 
ing off one, two, &c. figures from its right, the figures struck 
off constituting the remainder in each case. 
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Thus take any number 1357. 

Then 1357 =1350+ 7=135 x 10 +7, 

and also =1300 + 57= 13 x100 + 57, 

=<kc. ... &c. 

Hence 135 7 + 10 gives the quotient 135 with the remainder 7, 

1357 + 100 13 57, 

<kc. . . . &c. <kc. 


Prop. IV. The result of the division of the sum of any 
two numbers by a third is equal to the sum of the results of 
the division of those two numbers by the third number. 

Thus taking any three numbers 8, 11, and 3, 


For, 


8 + ll_8 11 
3 3"^ 3' 

8 + 11 
3 


19 

or- 


gives the quotient 6, with 1 remaining to be divided by 3. 
2 2 


and 


11 


. 2 + 3 2 + 2 . 

5 4 


• * 3 3 


but 


3 

8 U 
3“^ 3 ’ 


1 . 

.5 + 1. 


e., the same result as 


8 + 11 


55. Eule for Division. Place the dividend and the divi- 
sor thus : — 

Divisor ) Dividend ( 

Mark off frmn the dividend on its left the least number of 
figures making a number not less than the divisor ; ascertain 
by trial the number of times that the divisor is contained in 
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it, hj inquiring how often the figure in the highest place of the 
divisor is contained in the first figure, or, if that is too small, 
in the number composed of the first two figures on the left of 
the partial dividend ; jdacc this number on the right of the 
dividend, as the first or the highest figure of the quotient ; 
and subtract the product of this number by the divisor fi’Vnu 
the portion of the dividend mai-ked off. 

To the right of the remainder thus obtained, annex the 
next figure of tlie dividend, and if the number thus formed he 
not less than the divisor, repeat with it the same process that 
was performed with the part of the dividend first marked oif, 
putting the number now obtained for the quotient, as the next 
figure of the quotient required. If the above mentioned 
number be less than the divisor, annex a cipher to the quotient, 
bring down the next figure of the dividend, and so on. until 
the number becomes not less than the divisor. 

llepeat this process until tliere is no more figure of tins 
dividend to be annexed lo the remainder. The last remainder, 
if any, will be the remainder after Division. 

Ex. Divide 969708 by 482. 

By the Rule we have 482)969708(2011 

964 

570 

^ 2 _ 

888 

482 

406 

Eeaso7i for the Rule, To divide one number by another 
is to ascertain how many units of times not exceeding 9, 
how many tens of times not exceeding 9, how many hun- 
dreds of times not exceeding 9, &c., the divisor is contain- 
ed in the dividend ; or in other words, to ascertain succes- 
sively the digits in the units*, tens*, hundreds’, &c., places of 
the quotient beginning with the highest. 

% 

Thus in the Example above, the portion of the dividend first 
marked off, 969, is really 969 thousands^ and it contains 482, 
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2 thousands o{ times, with thousands over; accordingly we 
put 2 as the first figure or the figure in the thousands^ place 
of the quotient. 

Annexing now the next or the hundrfds' figure, 7, of tlie 
dividend, to the diftcrencc between DGfiOOO and 2000 times 
482, i. f., to 5000, wc get 5700 or 57 hundreds, which contain 
482 no hnudreds of times ; wc therefore put 0 as the hun- 
dred^' figure of the quotient. 

bringing down the next or the tens' figure 0, of the divi- 
dend, we get 5700 or 570 tens, which contain 482, 1 ten of 
timoa witli 88 tens over ; wc accordingly put 1 as the tain' 
figure of the quotient. 

Lastly, annexing to the 88 tens or 880, the units figure 8 
of tlic dividend, we obtain 888 nuiis^ which contain 482, 1 
umf of time Avith 406 over; and we accordingly put 1 in the 
Units place of the quotient. 

'i'll us the complete quotient is 2011, and the final remain- 
der, 4o6. 

Worked out at length, the process will stand thus: — 

482) 069000 -h 700 -t 0 + 8 (2000 + 0 + 10 + 1 
9G4000 

“5000 + 700=5700 
4820 

880 + 8 = 888 
482 
406 

56. Short Division. The mode of operation in Art. 
55 is called Long Division. When the divisor is a small 
numlier not exceeding 20, the operation may be shortened 
into wfiat is called Short Division, by the following 
Rule : — 

Rule. Place the divisor and the dividend thus : — 

Divisor) Dividend. 

Place the sefveral figures of the quotient under the line drawn 
below the dividend, performing the several subtractions men- 
tioned in the Rule in Art. 55 menially. 
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Ex. Divide 205963 by 11. 

By the Rule we have 11) 205963 

10 rem. 

57. Division by Factors. 

Rule. When the divisor is composed of factors which are 
small numbers, divide the dividend by the first factor, then tlie 
first quotient by the second factor, then the second (pioticnt 
by the third factor, and so on, to the last factor. Tlio last 
quotient will be the one required; and the true remainder will 
be obtained by multiplying each remainder by all the divisors 
preceding its own, and adding together these products and tho 
first remainder. 

Ex. Divide 123248 by 72. 

Since 72 = 6 x 12 = 6 x 4 x 3, we have by the Rule 

/3 I 123248 

72^4 ”41^-2 

(fi ! 10270 - 2 

1711-4 

The quotient is 1711 and the remainder is4x4x3 + 2x;3 
+ 2-56. 

The reason for the Rule may be shewn thus : — 

123248 =» 3 X 41082 + 2 (Art. 54, Prop. I.) 

= 3 x(4xl0270 + 2) + 2 
= 3 X 4 X 10270 + 3x2 + 2 (Art. 44, Prop. Ill) 

= 3x4x(6xl711+4) + 3x2 + 2 
ea 3 X 4 X 6 X 1711 + 3x4x4 + 3x2 + 2 
= 72 X 1711 + 3x4x4 + 3x2 + 2. 

58. Additional Rules. 

Rule I. To divide a number by 10, 100, &c., cut off 1, 2, 
Ac. figures from the right of the dividend, and the resulting 
.. number wiU be the quotient, and the number composed of the 
figures struck off, the remainder. 

The reason for this is given in Art. 54, Prop. III. 

Rule II. When the divisor ends in ciphers on its right, cut 
off these, and an equal number of figures from the right of the 
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♦dividend, and perform the division with these stripped off num- 
bers. The quotient obtained will be the quotient required, 
and the true remainder will be obtained by annexing to the 
right of the remainder after division the figures of the divi- 
dend struck off, 

Kx. Divide 126987 by 2300. 

P»v the Rule we have 23,00) 1269,87 (55 

115 

119 

115 

487 

The reason ffjr the Rule may be shewn thus : — 

126987 = 126900-1-87, 

= 100 X 1269 -*-87; 
and 1269 = 23 X 55 -*-4 ; 

- 126987= 100 X (23 X 55 -1-4) -1-87 

= 100 X 23 X 55 -hlOO X 4 -t 87 
= 2300 X 55 -H 400 +87 
= 2300 X 55 + 487. 

59. Proof. The correctness of the result in Division 
may be tested thus : — 

Multiply the divisor by the quotient, and add the remainder 
to the product. If the sum equals the dividend, the -oper- 
ation has been correctly performed. 

The reason for this is clear from Art. 54, Prop. I. 

Tho several partial products for this multiplictaion are 
already to be found in the operation of division, being the 
several subtrahends from below upward, in that operation. 

Ex. Taking the Example in Art. 55, we have, 

482 divisor. 

* 2011 quotient. 

“482 

482 

9640 

, 969302 

406 remainder. 

969708 dividend. 
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60. We may here give the reason for the Rule of “ Casting 
out the Nines,” given in Art. 49, as a mode of testing the 
accuracy of results in Multiplication. It depends upon the 
following Proposition : — 

Any number divided by 9 leaves the same remainder as 
sum of its digits so divided leaves. 

To prove this, take any number 28075, 

Then, 


28075 = 20000 + 8000 + 70 + 5 

= 2 X 10000 + 8 X 1000 + 7 x 10 + 

= 2 X (9999 + 1) + 8 X (999 + 1 ; + 7 x (9 4 1) -r .5 
= 2x9x1111+2 + 8x9x111 + 8 + 7x9x1 + 7 + 5 

= 9 X (2 X nil + 8 X 111 + 7 X 1 ) + 2 + 8 + 7 + 5; 

.*. 28075 + 9 = 9 X (2 X nil + 8 X 11 1 + 7 X 1 ) - 9 

+ (2 + 8 + 7 + 5) 4- 9 (Art. 54, Pi op. IV) 

= 2x1111+8x111+7 xl + (2 + 8+ / +5 )-t-(). 


and .*. the remainder left after dividing 28075 by 9 is the 
same as the remainder left after dividing 2 + 8 + 7 + 5 ))y 9. 

Now, reverting to the Example in Art. 49, we have* 
the multiplicand 5304 = 9 x 589 + 3, 
where 3 = rem. left after dividing 5304 or 5 + 3 + 4 hj 9 . 
and the multiplier 2039 = 9 x 22G + 5, 

where 5 = rem. left after dividing 2039 or 2 + 3 + 9 by 9 : 
.-. the product = (9 x 589 + 3) x (9 x 226 + 5) 

= 9 X 226 x (9 X 589 + 3) + 5 x (9 x 589 + 3) 

= 9 X 226 X (9 X 589 + 3) + 9 X 589 x 5 + 3 x 5 ; 

j X n ^ ^ 226 X (9 X 589 + 3) 9 x 589 x 5 3 x 5 

. *. the product + 9 + + 


9 


3 + 5 

= 226 X (9 X 589 + 3) +589 x 5 + --- ; 

J 


i. e., if the product obtained is correct, the remainder left after 
dividing the product by 9, which is the same as the remainder 
left after dividing the sum of the digits in the product by 9, 
equals the remainder left after dividing 3 x 5 by 9. 

If there is any error of 9, or if the digits in fihe product 
have their positions changed, this test will not enable us to 
detect the error in that case. 
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Ex. V. 


1. Divide — 

(1) 1234 by 2, 3, 4, and 5. 

(2) 3450 by 3, 4, 5, and 6. 

(3) 5678 by 5, 6, 7, and 8. 

(4) 78910 by 7, 8, 9 and 10. 

(5) 12345G789 by 5, 10, 15, 20, and 25. 

(6) 987G54321 by 8, 12, 10, 20 and 24. 

(7) 123789 by 456, 654, and 465. 

(8) 123456 by 789, 987, and 798. 

(9) 1002003 by 405, 504, and 450. 

(10) 4050607 by 809, 908 and 890. 

(11) 80901001 by 1020, 3040, and 5060. 

(12) 1200240048 by 12036 and 63021. 

(13) 987654321012.345 by 123456 and 123456789. 

(14) 12340000 by 8900, 6700, and 4500. 

(15) 1000000000000 by 1111, 11110, and 111100. 

(16) 111111111111 by nil, 11110, 9999, and 99990. 

2. Divide by the method of Short Division, by factors if 
necessary 

(1) 3456 by 2, 3, 4, 5, and 6. 

(2) 13579 by 4, 8, 12, and 16. 

(3) 1000000 by 2, 3, 4, 5, 6, and 7. 

(4) 111111111 by 8, 9, 10, 11, and 12. 

(5) 2222222 by 13, 14, 15, 16, 17 and 18. 

(6) 33333333 by 19, 20, 21, 22, and 24. 

(7) 87654321910 by 32, 3-3, 34, and 3.5. 

(8) 24681012 by 42, 44, 48, 49, and 51. 

3. Divide one crore and one by one lac and one, and then 
the product of the quotient and the divisor by one thousand 
and one. 

4. Divide the sum of a crore and a, million by their 
difference. , 

5. Drade the product and the sum of a million and a lac 
by the difference between a million and a lac and the quotient 
of a million divided by a lac respectively. 
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SECTION VI. MEASURES AND MULTIPLES. 

61. Defs. a Measure or an Aliquot Part of an integer 
is an integer that is contained in the former an integral number 
of times exactly. 

Hence unity is evidently a measure of every integer. 

A Common Measure of two or more integers is an integer 
that is contained in each of them an integral number of times 
exactly. 

The Greatest Common Measure of two or more integers is 
the greatest integer that is contained in each of them an 
integral number of times exactly. The initmls G. C. M. 
are often used for the words greatest common measure. 

62. Defs. A number exactly divisible by 2 is called an 
E VEN number. 

A number not exactly divisible by 2 is called an Odd number. 

Integers which have no common measure except unity are 
said to be Prime to each other. 

A number is said to be resolved into its Elementary 
Factors when it is resolved into factors which are prime 
numbers. 

63. Defs. A Multiple of an integer is an integer that 
contains the former an integral number of times exactly. 

Hence every integer is a multiple of unity. 

A Common Multiple of two or more integers is an integer 
that contains each of the former an integral number of times 
exactly. 

The Least Common Multiple of two or more integers is the 
least integer that contains each of the former an integral 
number of times exactly. The initials L. C. M. are often 
used for the words least common multiple. 

64. Prop. I. A measure of a number is also a measure of 
any multiple of that number. 

For, the measure is contained an integral number of times 
exactly in the number, and this again is contained an integral 
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number of times exactly in its multiple; hence the measure 
must be contained in the multiple an integral number of times 
exactly. 

Prop. IL Every common measure of two numbers will 
measure their sum and their diflerence, and also any multiple 
of either. 

Thus, 4 being a common measure of 20 and 28, (for 20 = 
4 X .5, and 28 = 4 x 7), 

28 + 20 = 7 times 4+5 times 4 = (7 + 5) times 4 
=5 1 2 times 4, 

and 4 measures 28 + 20. 

So, 28 - 20= 7 times 4-5 times 4= (7 - 5) times 4 
= 2 times 4, 

and 4 measure 28 - 20. 

And •.* 4 measure 28 + 20 and 28 - 20, 

by Prop. I, it will measure any multiple of either. 

65. Rule for finding the Greatest Commom Measure op 
Two Numbers. Divide the greater number by the less, then 
divide the divisor by the remainder, if any, and so on, repeat- 
ing this process till there is no remainder. The last divisor 
will be the greatest common measure required. 

Ex. Find the G. C. M. of 98 and 70. 

By the Rule we have 70) 98 (1 

70 

28) 70 (2 
56 


14) 28 (2 
28 


14 is the-G. C. M. required. 

Reason for the Rule. 

(1) The number 14 is a common measure of 98 and 70. 
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For 14 measures28, 

14 measures 2 x 28, and 2 x 28 + 14 or 70 (Art. 64), 
and 14 measuresTO + 28 or 98. 

Hence 14 is a common measure of 98 and 70. 

(2) It is also their greatest common measure. 

For every number that measures 70 and 98, 
measures 98 - 70 or 28 (Art. 64), 
and measures 2 x 28 and .*. 70 - 2 x 28 or 14. 

Now •.* no number greater than 14 can measure 14, 

70 and 98 can have no common measure greater than 14 : 
and as 14 is itself a common measure of 70 and 98, 

. ■. it is their G. C. M. 

()G. Pnop. I. Every common measure of two numbers 
measures their greatest common measure. 

This is clear from the latter part of Art. 65. 

Prop. II. Every measure of the greatest common meas- 
ure of two numbers measures each of those numbers. 

67. Rule for finding the Greatest Common Measure 
OF Three or More Numbers. Find the greatest common 
measure of the first two numbers ; then the greatest common 
measure of the greatest common measure so found and tlie 
third number ; and so on. The last greatest common measure 
tlius obtained wdll be the one required. 

The reason for the Rule is clear. 

Call the G. C. M. of the first two numbers the first G. C. M. 

Then *. • by Art. 66, every common measure of the first 
G. C. M. and the 3rd number is a common measure of the 
three numbers, 

.*. the greatest common measure of the first G.' C. M. 
and the 3rd number is a common measure of the three 
numbers. 

Again, *.• every common measure of the three numbers, 
being a common measure of the 1st and the 2n(^ measures 
the G. C. M. of the 1st and the 2nd, and is therefore a 
common measure of the first G. C. M. and the 3rd number, 
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. •. every conimoii measure of the three numbers is a measure 
oft lie gi-catcst common measure of the first G. C. M. and the 
.‘b’d number. 

Now, a number can have no measure greater than itself, 

. •- no common measure of the three numbers can be greater 
than the greatest common measure of the first G. C. M. 
and the 3rd number. 

And as the greatest common measure of the first G. C. M. 
ami the 3rd number is itself a common measure of the three 
numbers, 

it is their G. C. !M. 

The same reasoning will hold good in the case of four or 
moi'o numbers. 

Find the G. C. M. of 32, 40, and 60. 

r»y the llule we have 

32) 40 (1 8) 60 (7 

32 56 


8) 32 (4 
32 


4) 8 (2 
8 


4 is the G. C. M. required. 

68. "When any two numbers are divided by their greatest 
cf»mmon measure, the quotients are prime to each other. 

For, if these quotients have a common factor, the nunibers 
themselves will have that common factor over and above their 
greatest common measure, which is contrary to the supposi- 
tion of its being their greatest common measure, and is 

absurd. 

69. Eule for finding the Least Common Multiple of 
Two Numbers. Divide the product of the numbers by their 
greatest gommon measure, and the quotient will be the least 
common multiple required. 

Ex. Find the L. C. M. of 90 and 54, 
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By the Rule we have 


54) 90 (1 

54 

54 

90 

36) 54 (1 

18) 4860 

36 

36 

18) 36 (2 

126 

36 

126 


270 is the L. C. M. required. 

Reason for the Rale. The least common multiple of any two 
given numbers being the least number that is divisible by 
each of them exactly, will contain as factors all the elementary 
factors of each of the given numbers once, and only once, and 
no more factors besides. 

Now the product of any two given numbers being the con- 
tinued product of all their factors, contains as factors all then- 
elementary factors, every elementary factor common to these 
numbers being twice repeated, and all other elementary factors 
otowerm^ only once. Hence if we divide the product of the 
numbers by the product of all these common elementary factors, 
i, c., by the greatest common measure of the given numbers, 
we shall get their least common multiple. 

Thus in the Example above, 

90 = 5x3x3x 2, 54=3x3x3x2; 

90 x54 = 5x3x3x2x3x3x3x2, where 3 x 3 x 2 or 18 
occurs twice. 

Now *.* the L. C. M. of 90 and 54 must contain the 
factors 5 and 3 and 3x3x2 or 18 and nothing more bqsides, 

.*. the L, C. M. required = 90 x 54 4- 18= 270. 

70. Every common multiple of two numbers is a multiple 
of their least common multiple. 

For, every common multiple of two numbers mui,t contain 
as factors all the elementary factors of each of those uumbers 
at least once, i. e., must contain as factors all the factors of 
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their L. C. M. at least once, and it may contain any other 
factors besides; 

and a number is divisible by the continued product of 
any number of its factors, 

every common multiple of two numbers is a multiple of 
their L. C. M. 

71. Rule por finding the Least Common Multiple of 
Three or More Numbers. Find the least common multiple 
of the first two numbers ; then the least common multiple of 
the least common multiple so found and the 3rd number ; 
and so on. The last least common multiple thus obtained will 
be the one required. 

The reason for the Rule is clear. 

Call the L. C. M. of the fii*st two numbers the first L. C. M. 

Then *.* every common multiple of the first L. C. M. and 
the 3rd number is a common multiple of the three numbers, 

the least common multiple of the first L. C. M. and the 
3rd number is a common multiple of the three numbers. 

Again, *.* every common multiple of the three numbers, 
being a common multiple of the 1st and the 2nd, is a multiple 
of the L. C. M. of the 1st and the 2nd, and is therefore a, 
common multiple of the first L. C. M. and the 3rd number, 

.*. every common multiple of the three numbers is a mul- 
tiple of the least common multiple of the first L. C. M. and 
the 3rd number. 

Now *.* a number can have no multiple smaller than itself, 

. *. no common multiple of the three numbers can be less than 
the least common multiple of the first L. C. M. and the 3rd 
numbefi. 

And as the least common multiple of the first L. C. M. and 
the 3rd number is itself a common multiple of the three 
numbers, 

it is tljpir L. C. M. 

The same reasoning will hold good in the case of four or 
more numbers. 
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Ex. Find the L. C. M. of 32, 48, and SO. 

Hv tlie Rule we have 
:V2) 48 (1 48 

32 32 

Ui) 32 (2 96 

32 

1 6)1.536 

96 96 is the L. C. M. of 32 and 4vS 

96 

80 80 

l'6)80(5 16 )7^ 

80 480 480 is the L. C. M. reqd. 


72. Additional Rule. When the L. C. M. of scvoval 
iiuuihers is to he found, write down the numbers separated l)y 
e(nnnias in a line from left to right, leaving out such ol' 
them as are measures of any of the others. 

Find by inspection the least integer greater than unity 
that measures any two or more of these remaining numbers , 
set it down on the left of the series, as a divisor ; and put 
down in a line below each number the quotient after dividing 
it l)y the divisor, or the number itself when^it is not exactly 
divisible by the divisor, thus obtaining a second series oi’ 
numbers. 

Treat this series exactly in the same way as the first ; and 
proceed on, until a series is obtained in which the numbers are 
all prime to each other. 

The continued product of all the divisors and all the num- 
bers in the last series will be the L. C. M. required. 

Ex. Find the L. C. M. of 9, 12, 15, 16, 20, 24, and 95. 

Ry the Rule vre have (^leaving out 12 which measures 24) 



= 13680. 
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Reason fm' the Rxde. The L. C. M. of the given numbers 
must contain as factors all the elementary factors of caeli 
of the given numbers once and only once, and no more factors 
besides. Hence we can leave out of consideration such of tue 
given niimljers as are measures of any of the others, for all tlie 
factors of these omitted numbers are contained in those that 
tliey measure. Now the continued product of the nunibei's 
that are retained, will contain as factors all their elementary 
factors, those that are prime to each other occurring only once, 
and those that are common to two or more numbers being re- 
peated as often as there are numbers which have those common 
factors. To prevent this repetition of common factors, vre 
d^’ide th<:»se numbers that have any common factors by such 
factors ; and , the continued product of these divisors or 
common factors each taken only once, and the ultimate 
quotients which are prime to each other, must be the L. C. M. 
required. 

Thus in the Example above, 12 being a measure of 24 is 
loft out. 

Tlie other numbers resolved into elementary factors stand 
thus : — 

9 = 3x3, 15 = 3x5, 10 = 2x2x2x2, 

20 = 2x2x5, 24=2x2x2x3, 95 = 5x19. 

Hence the required L. C. M. must contain as factors the two 
factors 3 and 3 of 9 j the factor 5 only of 15, the other factor 
3 having already been taken ; the four factors 2, 2, 2, and 2 of 
16; no factor of 20, the factors 2, 2, and 5 having already 
been taken ; no factor of 24 for a similar reason ; and the 
factor 19 only of 95, the other factor 5 having already been 
taken ; and it must contain no other factors ; e. e., 

the L. C. M. reqd. = 3x3x5x2x2x2x2x 19 = 13680. 

The qbject of the successive divisions by the common fac- 
tors 2, 3, 5, is evidently to prevent the recurrence of those 
factors. 

73. In the £tpplication of the Rule in Art. 72, the following 
Propositions will be of use. 

Peop. I. * a number is divisible by 2 if its units' figure is 0 
or is divisible by 2. 
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For, taking any number 370, we have 370= 10 <37 
= 2 X 5 X 37 which is evidently divisible by 2. 

Again, taking any number 2589, we have 
2589 = 2580 + 9 = 10 x 258 + 9, 

whereof the first part 10 x 258 containing 10 as a factor 
e vidently divisible by 2 ; 

so that the whole number is divisible by 2 if its second 
j»art, viz., the digit in its units’ place, is divisible by 2. 

Prop. II. A number is divisible by 3 or 9 if the sum of its- 
digits is divisible by 3 or 9. 

For, taking any number 2867, we have 

2867=2x1000 + 8 X 100-1-6 X 10 + 7 

= 2 X (999 + 1) + 8 X (99 + 1) + 6 X (9 + 1> + 7 
= 2 X 999 + 8 X 99 + 6 X 9 + (2 + 8 + 6 + 7) 

= 2x9 x111+8x9x11 + 6x9x1+(2 + 8 + GtT) 
= 9 X (2 X 111 + 8 X 11 + 6 X 1) + (2 + 8 + C + 7). 

whereof the first part containing 9 as a factor is evidently 
divisible by 3 or 9 ; 

so that the whole number is divisible by 3 or 9 if its second 
part, viz., 2 + 8 + 6 + 7, e., the sum of its digits, is divisible 

by 3 or 9. 

Prop. III. A number is divisible by 4 if its last two 
figures on the right are zeros or compose a number that is 
divisible by 4. 

For, taking any number 28900, we have 28900 = 100 x 289 
es 4 X 25 X 289 which is evidently divisible by 4. 

Again, taking any number 78564, we have 

78564 = 78500 + 64 = 100 x 785 + 64, 

whereof the first part is evidently divisible by 4 ; 

so that the whole number is divisible by 4 if its second part, 
e., the number composed of the digits in its tens’ and 
units’ places, is divisible by 4. 

Prop. IV. A number is divisible by 5 if its units’ figure is 
0 or 5. 

For, taking any number 3760, we have 3760=10x376 = 
2 X 5 X 376 which is evidently divisible by 5. 
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Again, taking any number 4695, we have 4695 = 4690 + 5, 
whereof the first part is evidently divisible by 5 ; 

so that the whole number is divisible by 5 if its second part, 
VIZ., its units' figure, is divisible by 5, g., is 5 (that being the 

only digit that is so divisible). 

Prop. V. A number is divisible by 6 if it is divisible by 2 
iiiul also by 3. 

For 6 = 2 X 3, and 2 and 3 are prime to each other. 

Prop. VI. A number is divisible by 8 if its last three 
figures on the right are zeros or compose a number that is 
divisible by 8. 

For, taking any number 687000, we have 687000= 1000 x 687 

8 X 125 X 687 which is evidently divisible by 8. 

Again, taking any number 987682, we have 
987682 = 987000 + 682, 

v'boreof the first part 987000 is divisible by 8, from what has 
been just shewn ; 

so that the whole number is divisible by 8 if its second 
part, i. e., the number composed of the last three digits on 
its right, is divisible by 8. 

Prop. VII. A number is divisible by 11 if the sums of 
the figures in its odd and even places differ by 0 or a multiple 
of 11. 

To prove this Proposition, it is necessary first of all to 
estaldish the following truth : — 

An odd power of ten + unity or an even power of ten - unity 
is divisible by eleven. 

Thus, 

10 ^ +1 = 10 + 1 = 11 , 

10* -1 = 100-1 = 99 = 11 x9, 

103 +*1 = 1000 + 1 = 999 + 1 + 1 = 990 + 9 + 2 = 1 1 X 90 + 1 1 
= 11 X (90 + 1), 

10* - 1 = 10000 - 1 = 9999 = 11 X 909, 

103+1 = 100000 + 1 = 99999 + 1 + 1 = 99990 + 9 + 2 
= U X 9090 + 11 = 11 X (9090 + 1), 

&c. &c. ; 

which are all evidently divisible by 11. 
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Now taking ciny number 2597G8, we have 
2597GS 

= 200000 + 50000 + 9000 + 700 + GO + 8 

= 2 X 100000 + 5 X 10000 + 9 x 1000 + 7 x 100 + G x 10 + 8 

= 2 X 105 + 5 X 10* + 9 X IQS + 7 X 10» + G X 10^ + 8 

= 2 x105 + 2-2 + 5x10* -5+5 + 9 X 105+9-9 

+ 7x10® - 7 + 7 + 6x101+6-0 + 8 (Art. 34, Prop. IV) 

=:2x(10* + l) + 5x(10* -l) + 9x(105 +1) 

+ 7 x(10a -l) + 6x(10 + l) + 8 + 7+5-6-9-2, 

whereof the numbers within brackets are divisible by 11. 
as lias been already shewn ; 

so that the whole number is divisible by 1 1 if 8 + 7 + 5 - 3 
- 9 - 2 is 0 or is divisible by 11, i, e., if the sum of the figuro^ 
in the odd places - the sum of the figures in the even places 0 
or a multiple of 11. 

Prop. VIII. A number is divisible by the product of any 
factors prime to each other if it is divisible by each of them. 

Thus 12 being equal to 3 x 4, and 3 being prime to 4, j 
number is divisible by 12 if it is divisible by 3 and 4. 

But if the factors are not prime to each other, a number 
may be divisible by each of them, and yet it may not be divi- 
sible by their product. 

Thus, taking two numbers 4 and 6 which arc not prime to 
each other but have the factor 2 common to both, we sec that 
the number 12 is divisible by 4 and also by 6, but is not 
divisible by 4x6. And the reason for this is obvious. 

For, 1 2 being 2x2x3, contains each of the factors of 4 and 6 
which are prime to each other, namely 2 and 3, once, and 
besides these, it contains the other factor 2 which is common 
to both 4 and 6 onlj/ once, so that though 12 is divisible b}^ each 
of the two 4 and 6, w/ien taken alone, it is not divisible by their 
product w’hich is 4x6or2x2x2x3, that is, which contains 
their common factor 2 tioice, over and above their factors 2 and 
3 which are prime to each other. 

74. To ascertain w^hother any given number is a prime 
number ; — 
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PtULE. Write in a series all the integers from 1 to tlie 
given number. 

After 2, go on marking every 2nd number with a dot ; 
then every dotted number is evidently divisible by 2, and the 
rest are not. 

Next t.ake the next unmarked number 3, and go on marking 
every third number after it ; then those that are marked 
this time are divisible by 3, and the rest are not. 

Repeat the same process with every succeeding unmarked 
nuiuljer down to the middle number, and if the given number 
still remains unmarked, it is a prime number. 

The reason for the Rule is clear. For if the given number 
had any factor, it must have been marked when the dotting 
c«immenccd from that factor. 

This method also gives all the prime numbers less than tlio 
given number, and shews what numbers are the factors of 
those that are not prime. 

This simple method we owe to Eratosthenes, a Greek mathe- 
matician, who called it his sieve for sifting out prime numbers. 
'J'Jio advanced student will sec that the method given above 
can be simplified still more. 

Before applying this method which is tedious. Propositions 
I tu VII of Art. 73 shoidd be applied to every case. 

Ex. Ascertain if 23 is a prime number. 

By the Rule we have 

1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 

li, 15, 16, 17, 18, 19, 20, 21, 22, 23. 

Thi\^ we see that 23 is a prime number. 

The student should notice that the following are all the 
prime numbers below 100 : — 

2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37, 41, 43, 

47, 53, 59, 61, 67, 71, 73, 79, 83, 89, and 97. - 

75. With the help of Arts. 73 and 74 and the Multiplication 
Table, we can resolve numbers into their elementary factors. 



54 


THE ELEMENTS OF ARITHMETIC. 


Ex. . Resolve 234 into its elementaiy factore. 

By Art. 73, 2 and 9 are factors of 234, 

and 234 = 2 xll7 = 2x9x 13 = 2x3x3x13, 

and those factors being all prime numbers, arc elementary 

facT01*S. 


Ex. VI. 


1. Find the G. C. M. of 

(1) 24 and .30; 32 and 48; 24 and CO; 32 and 80; 28 ami 
70; 38 and 95; 95 and 133; 115 and 161. 

(2) 84 and 144; 133 and 228; 175 and 300; 144 ami 
208; 171 and 247; 153 and 289; 171 and 380; 323 and 361 

(3) 105 and 600 ; 56 and 128 ; 64 and 276 ; 121 and 209 ; 
289 and 425 ; 289 and 867 ; 121 and 1331 ; 361 and 1805. 

(4) 456 and 640 ; 442 and 646 ; 532 and 588 ; 516 and 817 

(o) 1164 and 1455 ; 948 and 1659 ; 876 and 2190 ; 852 ami 

2343. 

(6) 1414 and 2222; 1605 and 2247; 1359 and 3624; 2172 
and 2896. 

(7) 2796 and 2868; 2358 and 3006 ; 1245 and 2265; 2i589 
and 9493. 

(8) 916 and 2164 ; 2164 and 6332 ; 9498 and 21426. 

(9) 123456789 and 987654321 ; 999999 and 9903300. 


2. 

Find the G. C. 

M. of 






(1) 

24, 30, and 48. 

(4) 

144, 

180, 

216, and 

324 

(3) 

108, 144, and 

192. 

(5) 

171, 

228, 

342, and 

380 

(3) 

150, 225, and 

365. 

(6) 

198, 

264, 

and 924. 


3. 

Find the L. C. 

M. of 




- 



(1) 12 and 27 ; 14 and 42 ; 14 and 63 ; 18 and 42 
18 and 78 ; 23 and 95 ; 35 and 119; 49 and 133. 

(2) 78 and 117 ; 78 and 143 ; 75 and 225 ; !19 and 289 ; 
361 and 570 ; 276 and 368. 

(3) 852 and 2343 ; 948 and 1659 ; 1414 and 2222. 

(.4) 285714 and 999999 ; 10353 and 14875. 

(5) 123456789 and 987654321. 
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4. 

Find the L. C. M. of 

0) 

1, 

2, 3, 4, 5, C, 7, 8, and 9. 

(2) 

1, 

3, 5, 7, 9, 11, 13, and 15. 

(3) 

2, 

4, 6, 8, 10, 12, 14, and 16. 

0) 

1, 

4, 9, 16, 25, 36, 49, 64, and 81. 

<.3) 

5, 

10, 15, 20, 25, 30, 3.5, and 40. 

(0) 

3, 

4, 8, 6, 9, 18, and 30. 

(") 

8, 

20, 176, 165, 45, and 1233. 

(■"') 

8, 

1328, 166, 121, 22, and 40. 

(0) 

9, 

16, 23, 30, 37, 44, and 51. 

(10) 

10 

, 18, 26, 34, 42, and 51. 

-.11) 

9, 

24, 75, 144, 180, and 508. 

(12) 

8, 

18, 22, 176, 540, and 550. 


5. Resolve into elementary factors 

(1) 92, 108, 111, 119, 171, and 189. 

(2) 204, 21 G, 2G0, 289, and 304. 

i3) 324, 3G1, 402, 403, and 404. 

(4) 40G, 407, 413, 512, and 618. 

(5) 759, 781, 790, 828, and 945. 

Miscellaneous Questions and Examples, 

7G. We have noticed in Art. 33 that when an expression 
contains brackets, it is to be understood that in simpliR i i:g it, 
we are to perform first of all the operations indicated within 
the brackets, and then the operations indicated outside. 
It now remains to notice a Rule of convention which relates to 
the order in which the operations in cither case are to bo per- 
formed. It is this : — 

Rule. Within the brackets, perform first of all the opera- 
tions of Division with the numbers immediately on the two 
sides of the sign -r ; then perform all the operations of Multi- 
plication with the resulting numbers on both sides of the sign 
X ) then add together all the resulting numbers that are pre- 
ceded by the sign - , ^. e., are meant to be subtracted; and then 
subtract the sum so obtained from the sum of the other 
resulting numbers. 

Having thus cleared the brackets, observe the same rule out- 
side the brackets, 
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Ex. Simplify 

C54H-3 x2-18-j-(2 x3) x4 + (51-f 3-15) x8-(J2 X4-80-2) 

Bv the Rule, the expression 

= C54 3 X 2 - 18 -f 6 X 4 + (17 - 15) X 8 - (48 - 40) 

= 654 -^3x2 - 18-6x4 + 2x8-8 
= 218x2-3x4 + 2>8-8 
= 436- 12 + 16 -8 
= 452 - 20 
= 432. 

77. In working out Examples given in language other than 
the pure language of Arithmetic^ we must first of all clearly 
understand the question, and then translate it into the lan- 
guage of Aidthmetic, and state clearly, concisely, and method- 
ically all the steps of the process. The statement of the steps 
of the process must consist of connected and complete intelli- 
gible sentences, differing from ordinary sentences only in 
this respect, that signs, symbols, and abbreviations are for the 
most part used here instead of words. These remarks will 
be illustrated by the following Examples. 

Ex. 1. A person A has in his box 300 rupees in silver and 
200 pieces of currency notes each worth 50 rupees. Of this, 
the sum of 240 rupees belongs to another person B. C and D 
each owe 100 rupees to A, and A owes rupees 150 and 250 to 
E and F respectively. If A has no other property and owes 
nothing, more to any body, how much is he really worth in 
rupees ] 

Here, evidently 

the money A is worth = the amount in his possession 

+ the amounts due to him 

- the amount not his own 

- also the amounts he owes to others 

« 300 rupees + 200 x 50 rupees 

+ 100 rupees + 100 rupees 

- 240 rupees 

- (150 rupees + 250 rupees) 

(300 + 10000 + 200-240-400)rupees 
= (10500 - 640) rupees 

=s 9860 rupees. 
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Ex. 2. The sum of the ages of 3 boys A, B, and C is 30 
years; the sum of the ages of A and ^ is 18 ; and that of th< 
ages of A and C is 20. What is the age of each ] 

Since age of -4 + age of ^ + age of (7 = 30, 

and A + B =18, 

by Subtraction age of C 

Again •. * age of A + age of 67 = 20, 
and age of 6''= 12, 

nge of A = 8 ; 

and *.* age of ^ + age of 18, 
and age of -4 =8, 

age of ^=10. 

lioncc the ages of A, By and C are 8, 10, and 12 years 
respectively. 

Ex. 3. Ill a field there are 20 rows of trees, each row con- 
tiiiniug 25 trees. AVhat is the total number of trees ? 

Here, tlic total no. reqd. = thc no. of trees in a row repeated 

as often as there are rpws 
= 25 repeated 20 times 
= 25 X 20 
= 500. 

Ex. 4. A bookseller having sold several copies of a book at 
3 rupees a copj’^, finds that he has realized 63 rupees by tho 
sale. How many copies did he sell ? 

Here the no. of copies reqd. = the no. of times that 3 must be 

repeated to produce 63 
= the no. of times that 3 is con- 
tained in 63 
= 63^3 
= 21 . 

Ex. 5. A wheel 3 cubits in circumference is made to roll 
over a length of 18 cubits. How many revolutions does it 
make ? Anti what length will it roll over in making 8 revo- 
lutions? , 

Here we must first of all know what length the wheel rolls 
over in one revolution. 
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Now one revolution is completed when the wheel, after having 
any particular point in its circumference in contact with the 
surface rolled over, comes to have the same point again in 
contact with that surface ; and this happens after successive 
jjniiits on the whole circumference have come in contact, 
>110 after another, wdth points on the path rolled over. 

Hence the length rolled over in one revolution = circumference 

of the wheel 
» 3 cubits. 

Therefore the no. of revolutions reqd. = the no. of times that 

3 is contained in 1 S 
*18-^3 
= 6. 

And the length rolled over in 8 revolutions 

= 8x3 cubits 
= 24 cubits. 

Ex. G. A man brought to the market a certain number of 
mangoes for sale. He sold 5 mangoes to A / to B, 3 more than 

A : and to 0, 2 less than to 7? ; and found that he had soM 
half of the whole number. How many mangoes did he bring 
for sale ? 

Here, 

the no. of mangoes sold to J = 5, 

5 = 5 + 3 = 8, 

and (7 = 8-2 = 6; 

. ■ in all = 5 + 8 + 6 

= 19, 

which = half the no. brouglit ; 

. • brought for sale = 2x19 

= 38. 

Ex. 7. The first book of a poem contains 49e5 lines, and 
the second book, 900 lines. Find the largest number of lines 
that a page can contain, so that every page may contain the 
same number of lines, iind each of the two books* may consist 
of an integral number of pages. 

Since each book is to consist of an integral number of pages, 
and every page is to contain the same number of lines, 
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the number of lines in a page must be a common measure of 
t95 and 900, and . *. the largest number of lines that a page; 
can contain = the G. C. M. of 495 and 900 

= 45, by the ordinary process for finding the G. C. M . 

F.x. 8. Find the least number of rupees which can ])0 
divided equally among 2, 3, 4, 5, or 6 men. 

Since the number required is to be divisible by 2, 3, 4. 5. 
•and 6, it must be a common multiple of these numbers ; 

and • it is to be the least number that is so divisible, 

it must be their L. C. M. w^hicli by the ordinary Riili'. 

= 4 X 5 X 3 = 60. 


Ex. VII. 


L 

1. What is Arithpieticl Define the ten as Unity and 
Number, and distinguish between Abstract and Concrete 
Numbers, and betw^een Integers and Fractions. 

2. Define Notation and Numeration, and describe briefly 
the Common System of Notation. 

3. Write down in figures, twenty millions thirty thousand 
•iiid forty, and read the result according to the Indian 
Numeration Table. 

4. What is meant by the Local Value of a digit? How^ is 
thi- value affected by affixing ciphers to the right of a number? 

5. Three boys A, B, and 0, have each a certain number 
{)f marbles. The total number of marbles is 18, and of these 
A and B together have 9, and A and C together 12. How 
many marbles has each ? 

6. A gentleman whose age is 33 has two sons. Tlie age 
of the second son is 6 years, and the diflercnce betw^een tlie 
age of the father and the sum of the ages of the sons is 18 years. 
Find the ago of the first son. 

7. A woman brought a certain number of mangoes to the 
market for "feale. She sold 10 mangoes to Ram ; td Syam 5 
more than to Ram ; and to Hari as many as to Ram and Syam 
together ; and she found that had she sold 5 more to each of 
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the three, Ram, Syam, and Hari, there would have remained 
unsold just as many as she would have sold in that case. 
How many mangoes did she bring? 

8. The number of boys in the first two classes of a school 
is 47. In the third class there are 15 boys less than in the first 
two classes taken together^ and in the second class, there are 
?9 boys more than in the third. How many boys are there in 
each class? 


n. 

1. Define the terms Summand and Sum. 

Add together : — Seventeen thousand three hundred and 
four ; nineteen hundred and twenty ; and eleven hundred 
and twelve. 

2. In the Subtraction of integers, when any figure in the 
subtrahend is greater than the corresponding figure in the 
minuend, how do you proceed, and why in that way ? 

3. Shew that the sum of any two numbers added to 
their difference is equal to twice the greater number. 

4. How do you account for the fact that the number ten 
forms the basis of our numerical computation ? 

5. Tlie total number of pages in three books taken together 
is 129. The number of pages in the first two taken together 
is 62; and the third has 31 pages more than the second. How 
many pages are there in each 1 

6. A person had 25 rupees in his pocket. After the 
purchase of some books and stationery, he finds that he has 
only 5 rupees left, and that if he had not purchased any 
books he would have had 20 rupees left. How much did he 
S 2 >end in the purchase of stationery ? 

7. Of three horses, the first is worth 175 rupees, the 
second, 25 rupees more than the first, and the third, 50 rupees 
more than the first and the second together. What is the price 
of the third horse ? 

8. Given that the beginning of the year 1799 of the Saka 
era corresponds with the year 1877 of the Christian era ; find 
the year of the Christian era when the Saka era commenced. 
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III. 

1. Define the terms Product, Factor, and Power. 

Shew that Multiplication is only a concise method of xAddition. 

2. Shew that the local value of every figure after the 
units’ figure in any number expressed in the Common System 
of Notation, has some power of 10 as one of its factors. 

3. Can you multiply one concrete number by another 1 If 
not, give your reason. 

4. Shew that in Multiplication, the order of the factors 

1 .^ immaterial, so far as the numerical value of the product is 
concei'iied. 

T). In a garden there are 15 rows of trees, in each row 
there are 18 trees, and in each tree, GO fruits. How many 
fruits are there in all I 

6. If the price of a single copy of a book is 5 rupees, what 
is the price of G4 copies, and what the price of 6 times 
G4 copies'? 

7. If you can have 9 mangoes for 1 nipee, how many of 
the same quality can you have for 16 rupees? 

8. There are 4 pico in an anna, 16 annas in a rupee, and 
16 rupees in a gold mohur. How many pice are there in one 
rupee ? and how many in one gold mohur ? 


IV. 

f 

1. Define the terms Dividend and Divisor. What are the 
two different meanings which the Quotient can have ? 

2. Can you divide one concrete number by another ? If 
you can, what is the meaning of the quotient ? Can you 
divide an abstract number by a concrete number ? 

3. Shew that 

dividend - remainder = divisor x quotient. 

4. In t)iYision by factors, how do you get the true remain- 
der ? 
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5. How many revolutions will the wheel of a carriage, 
feet in circumference, make, in going over one-fourth part of 
a mile, there being 1760 yards in a mile, and 3 feet in a 
yard ? 

6. If 55 copies of a book can be had for 275 rupees, what 
is the price of a copy 1 

7. If 9 mangoes can be had for 1 rupee, what is the price 
of 117 mangoes '? 

8. If 192 mangoes can be had for 16 rupees, how many can 
be had for a rupee, and how many for 1 2 rupees ? 

V. 

1. What do you mean by the Measure of a number, and 
what by the Greatest Common Measure of t'wo or more numbers] 

2. Shew that when two numbers are divided by their 
G. C. M., the quotients are prime to each other. 

3. Shew that the number of measures of any number must 
be limited, but the number of its multiples is unlimited. 

4. Shew that when the L. C. M. of two numbere is divided 
by each of those numbers, the quotients are prime to each 
other. 

5. A gentleman has 24 rupees in his pocket, and he wishes 
to distribute the sum amongst the poor, in such a manner that 
each man shall receive the same number of rupees. In how 
many ways can he make the distribution ? 

6. A offers to distribute 36 pice amongst a number of 
beggars in such a manner that each shall receive the same 
number of pice ; and i? offers to distribute 24 pice amongst 
the same number in the same way. What is the largest 
number of beggars amongst whom the distribution can be 
made, and how many pice^will each receive 1 

7. What is the least number of rupees that can be sorted 
in groups of 3, 4, 5, or 6 each 1 

8. Find the least number that is exactly divisible by the 
first nine odd numbers. 
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VI. 

1. What is an Expression? and what is an Equation 

2. Ill simplifying an expression, what is the order in whiclx 
you must proceed? 

3. Simplify 

68 - (3 X 4 + 5) + 16 X (20 2 x 3 - 30) - (4 - 8 - 4). 

4. Find the value of 

2 X 3 X 4 - 5 X (21 - 4 X 5) + 5 - 6 -r (32 - 3 X 1 0). 

5. Find the difference between 

6 X (7 + 8) - 9 + 10 (11 - 2 X 3) X 12, 
and 7 X (8 + 9) -10 + 11 -f (11 -2x5) X 13. 

6. Simplify 

10 X 12 - (13 X 3 - 19 X 2) + (3 X 7 - 4 X 5) + 60. 

7. Divide 22 + 2 - (2 x 3 + 5) + 656 - (4 x 8 - 16 - 2) 
by 20 + 2 - (2 X 5 - 5) + 56 - (64 + 2 + 3). 

8. Find the value of 

(3 - 2)* + (4 X 2 - 18 -r 3)* - (66 4- 11 - 10 - 5)*. 

VII. 

1. Shew that the local value of every significant digit after 
the units’ figure in any number is a multiple of some poAver 
of ten. 

2. Shew that a number is multiplied by any power of ten 
by affixing to its right a number of ciphers equal to the index 
of the power. 

3. A woman brought a certain number of oranges to the 
market for sale. She sold 20 oranges to u4 ; to i?, 15 more 
than to A ; and to (7, 22 less than the number sold to A and 
B together; and she found that had she sold 10 more to each 
of the three persons A, and (7, there would have remained 
only 3 oranges unsold. How many oranges were there at first ? 

4. A boy read 30 pages of a book in one week ; in the 
next week he read 5 pages more than in the first ; in the third 
week, 6 pages more than in the second ; and in the fourth week 
as many pages as in the first two weeks together ; and he 
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found that liad he read 5 pages less every week, he would have 
gone through exactly one-third of the book. How many pages 
were there in the book ] 

5. A horse and a carriage are together w'orth 1860 rupees, 
and the carriage is worth five times as much as the horse. 
AVliat is the price of each ? 

6. Two horses are together worth 850 rupees, and one of 
them is worth 250 rupees more than the other. What is the 
price of each horse ? 

7. A boy spends 15 rupees in the purchase of books and 
fruits, the price of the books being four times as much as 
that of the fruits. How much are the books worth 1 

8. A gentleman divides 1500 rupees amongst his 3 sons 
and 4 daughters, giving to each son twice as much as to each 
daughter. How much does each son get ? 

VIII. 

1. How can you ascertain by insi^cction whether a number 
is divisible by 4 '? 

2. Shc^v that a number is divisible by 9 if the sum of its 
digits is divisible by 9. 

3. A man dies leaving 5 sons and 2 daughters. His prop- 
erty is worth 36192 rupees. What is the value of the prop- 
erty inherited by each son, supposing a son’s share to be 
twice as much as that of a daughter ? 

4. Given that the quotient is 3025 and the dividend 36300, 
find the divisor. 

5. What number multiplied by 627 wdll produce 11913 ? 
and what number added to the former will produce the 
latter ? 

6. A father at the age of 60 is twice as old as his eldest 
son, and four times as old as the youngest. Find the differ- 
ence between the ages of these sons. 

7. In a certain town, it is found that the death rate is 3 per 
cent, and the birth rate 5 per cent, of the population at 
the beginning of the year. Supposing the population at the 
beginning of the year to be 20,000, what will be the popula- 
tion at the end of the same 1 

8. The product of two numbers is 864, and their L. C. M. 
is 72. Find their G. C. M. 
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CHAPTER II. 

THE FUNDAMENTAL OPERATIONS WITH 
ABSTRACT FRACTIONS. 

INTRODUCTION. 

78. Besides integers or multiples of unity which we consid- 
ered in the preceding Chapter, w^e have frequently to deal 
with fractions or parts of unity. Thus, if we have to divide 
G units into 4 equal parts, we get as the result the quotient 1, 
and the remainder 2, which means that 6 units divided into 4 
oipial parts give 1 unit for each part, and there remain besides 
2 units w'hich cannot be divided into 4 equal parts in integers. 
T 0 complete the division, we must break these 2 units each into 
hvo equal parts or halves, thus getting 4 halves, which divided 
into 4 equal parts give a half for each part ; so that the com- 
plete quotient is one and a half ; i. e,, 6 units divided into 4 
e(]ual parts give a unit and a half for each part. 

The word fraction (from the Latin frangere, to break) liter- 
ally means a broken part. 

79. By multiplying the primary unit one by 1, 2, 3, 4, 
(fcc., we obtain an unlimited series of numbers, viz,, 1, 2, 3, 4, 
A:c., which contains all possible integers, and no other num- 
bers. If we divide the primary unit one into 2, 3, 4, <fec. 
equal parts, we obtain an unlimited series of secondary units 
or parts of the primary unit, viz,, one-half, one-third, one- 
fourth, d'c,, by multiplying each of which by 1, 2, 3, 4, <kc., 
we obtain an unlimited number of unlimited series, viz,, 

One-half, two-halves, three-halves, four-halves, dsc, ; 

One-third, two-thirds, three-thirds, four^hirds, dec, ; 

One-fourtfC, two-fourths, three-fourths, four-fow^ihs, dec, ; 

<kg,, dec,, dec, ; 

which contain all possible numbers, whether integral or frac- 
tional. Thus, the second term of the first series, two-halves, 


5 
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is really the integer 1 ; so its fourth term four-halves is really 
the integer 2 ; and so on ; and that these series give all possi- 
ble fractional numbers or parts of unity, and collections of 
parts of unity not composing entire units, is obvious. 

Again, as integers are expressed in the Common System of 
Notation in an ascending scale of tens, hundreds, (tc., so for 
fractions, Tve may, by dividing the primary unit one into 10, 100, 
«kc. equal parts, and thus getting a series of seco7idary or frac- 
tional units, viz., one-tenth, one-hundredth, &c., obtain by the 
repetition of these last a descending scale of tenths, hundredths. 
Here as we divide the primary unit into 10,100, &c. equal 
parts to obtain our secondary units, it is not evident that in this 
mode, all possible fractions can be expressed. Whether 
every possible fraction can be really expressed in this mode, will 
be considered in Sections VII and XII of this Chapter. 

Bef. Fractions of the former class, that is, fractions con- 
sisting of parts of unity obtained by dividing unity into any 
number of equal parts, are called Vulgar Fractions or 
ordinary fractious, to distinguish them from fractions of the 
latter class, that is, fractions consisting of parts of unity ob- 
tained by dividing unity into ten, hundred, cC*c. equal parts, 
which are called Decimal Fractions or Decimals, from their 
having ten (which is decern in Latin) for their basis. 

80. Each of the above systems of fractions has its pecu* 
liar advantages and disadvantages, and we shall consider eacl^ 
in a separate Division of this Chapter. 



NOTATION AND NUMERATION OP FRACTIONS. C7 
DIVISION 1. VULGAR FRACTIONS, 

SECTION I. NOTATION AND NUMERATION OF FRACTIONS. 

81. We have seen that a fraction is an integral number of 
parts of unity, which parts result from the division of unity 
1)V some integer. Thus the fraction three-fourths is one in 
which 3 parts of unity are taken, such parts resulting from 
the division of unity by 4. 

When the number of parts composing a fraction is a nnil- 
ti])lc of the number of parts into which unity is divided, the frac- 
tion, though a fraction in /orm, is really an integer. For tlie 
fraction really consists of all the parts into which unity is 
divided, r., of the entire unit itself, taken a certain number 
of times. 

Thus, the fraction six-thirds means dx times the thh'd 
]'art of unity, €., twice tAree times the^/^^V^^ part of unity, 2 .c., 
tivo units. 

When llie number of parts composing a fraction is 
greater than the number of parts into which unity is divided, 
any portion of the former which is equal to, or is a multipje 
of, the latter, may be separated from the rest, and expressed 
in the form of an integer. Thus, the fraction seven-thirds may 
be separated into two portions, six-thirds and one-third, whereof 
tlic former is equal to the integer two, and thus the wliole 
fraction is equal to two and one-third, 

Def. In any fraction, the number of parts into which unity 
is divided is called the Denominator of that fraction, and the 
numher of parts taken is called the Numerator ; and both 
these are called the Terms of the fraction. 

The propriety of these names is evident. The former is 
called the denominator, because it shews the denomination 
of the secondary units or parts of which the fraction is com- 
posed; and tho latter is called the numerator, because it 
shew’s the number of such parts or secondary units intended to 
be taken. 

A fraction is named by naming the numerator or the nnm- 
Icr of parts of unity taken, and after it the ordinal of the 
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denominator or the number by which unity is divided to give 
one of such parts. 

Thus where unity is divided into seven equal parts, and 
three of such parts are taken, the fraction is named three- 
sevenths. 

82. A fraction is represented by writing the numerator and 
the denominator, which are integers, according to the Common 
System of Notation, the former above the latter, with a line 
between. 

Thus, the fraction three-fifths is written 4 \ 

seven-sixteenths ; 

d:c. &c. ikc. 

Hence the secondary or fractional units will be written J. 
1. i i lire 

Def. The fractions i, &c. are called the Recipro- 
cals of 2, 3, 4, 5, &c. 

83. This mode of Notation is obviously complete. For, as 
in the Common System of Notation we can express every 
integral numerator and denominator, we can express every 
fraction, whatever its numerator and denominator may be, in 
this mode. 

It is also a convenient mode. For, as in naming a fraction, 
such as three-fourths, we name first the numerator, and then 
the denominator, so in our Notation, we write in the same 
order, first the numerator, and then the denominator. 

84. It now remains to be seen whether this Notation of 
fractions is consistent with our previous conventions. 

numerator 

For, the symbol ^7 which we have expressed 

fractions, not being a new symbol, but being one which has 
already been used in Art. 14 to indicate the division of the 
upper number by the lower, we must shew that a fraction also 
denotes the division of the numerator by the denominator, in 
order to establish the consistency of our Notation, and to bo 
able to use it without confusion, such as would ^ result from 
the expression of really different things by the same ‘ symbol 
in the same science. 
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Now to shew that a fraction indicates the division of the 
numerator by the denominator, or in other words, is equal to 
the quotient arising from the division of the numerator by the 
denominator, take any fraction fmir-Jiftlis. 

This fraction indicates that unity is divided into 5 equal 
parts of which 4 parts are taken ; e., it denotes 4 times the 

jlfth part of 1 U7itt 

But when 4 units are divided into 5 equal parts, then also, 
each part is equal to 4 times the fifth part of 1 imit. 

Thus the fraction four-fifths means the same thing as 4 
units divided into 5 equal parts. And so for any other 
fraction. 

Hence a fraction denotes the magnitude of each part of the 
numerator when it is divided into the number of equal parts 
indicated by the denominator. And this is one of the mean- 
ings attached to the term quotient. (Art. 50.) 

Next let us see how far a fraction has the other mean- 
ing of the term, t. e., indicates the number of times that the 
numerator contains the denominator. 

Taking the same fraction, fourfifths, we see that 5, being 
5 times as large as 1, is contained in 1 to the extent only 
of its fifth part, and is contained in 4 to the extent of 4 
times its fifth part, or in other words, to the extent of its foui- 
fifths. Now, as when one number is contained in another to 
the extent of its double, triple, due., we say that it is contained 
in tliat other two times, three times, dec.; so when one number 
is contained in another to the extent of its half, third, &c. 
part, we can by a stretch of language say, that it is contained in 
that other one-half, one-third, &c. part of a time. And in this 
sense, as 5 is contained in 4 to the extent of its four-fifths, 
we can say that 5 is contained in 4 fourfifths of a time. 

Thus the fraction four-fifths represents the number of times, 
or rather, the number of parts of a time, that 5 is contained 
in 4. And sb for any other fraction. 

Hence a fraction also denotes the number of times that the 
denominator is contained in the numerator. 

This establishes the consistency of our Notation, 
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The above considerations enable us to express mnnericaUy 
the complete quotient arising from the Division of integers, 
in cases in which the dividend is not exactly divisible by the 
divisor. 

Thus, take as an example 19 -r 3. 

The result of the division in this case, expressed in integers, 
is the quotient 6 and the remainder 1, which means that one 
part of 19, namely, 18, contains 3, 6 times, and the other part 
1 not containing 3 any integral number of times is represent- 
ed as a part of the dividend that remain^ to be divided by 3. 
This part, 1, however, contains 3 one-third part of a time] and 
therefore by a stretch of language we can say that 3 is contained 
in the entire dividend 19, 6 times together with the third part of^ 
a time, or shortly, 6 + J times; so that 6 + (written also 6 J) 
is the complete quotient arising from the division. 

It may be observed that the same symbolical expression for 
the quotient may be deduced without reference to the Notation 
of fractions. Thus, 

19 18 + 1 18^1 

T — 

85. Defs. a fraction of which no part is expressed in an 
integral form, and whose numerator and denominator are in- 
tegers, is called a Simple Fraction. 

Thus, 3 ^ are simple fractions. 

A fraction whose numerator is less than the denominator, 
is called a Proper Fraction. 

Thus, -f, |- are proper fractions. 

A fraction whose numerator is not less than the denomi- 
nator, is called an Improper Fraction. 

Thus, -J-, f are improper fractions. 

A number expressed partly in an integral and partly in a 
fractional form is called a Mixed Number. 

1 

Thus, 1 J, 3f, are mixed numbers. 

86. Prop. I. Any integer may be represented in the form 
of a fraction by making that integer the numerator, and unity 
the denominator, or by making the product of that integer 
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and any other integer the numerator, and that other integer 
the denominator. 

5x2 

Thus, 5 may be represented as ; or-——, 2 . e.j or 

5x3 . , - n 

e. e., ^ ; &c. 


3 


For f means either that 5 is divided into 1 part, i. e., kept 
entire ; or, that unity is divided into 1 part or kept entire, and 
5 such parts are taken ; i. e., in either sense it means 5 units ; 

•4 = 5. 

So -3- means either that 10 is divided into 2 equal parts 
and one of such parts is taken ; or, that unity is divided into 2 
equal parts or halves, and 10 such parts are taken ; i. e., 
in either sense it means 5 units : =5. Similarly ^ = 5. 

And so on. 


Prop. II. Every fraction whose numerator is a multiple 
of the denominator, is really an integer equal to the quotient 
arising from the division of the numerator by the denomi- 
nator. 

Thus, = 

87. Besides the kinds of fraction defined in Art. 85, there 
are two other kinds which are defined below. 


Defs. a Compound Fraotion is a fraction of a fraction. 

Thus, § of f is a compound fraction. 

A Complex Fbaotion is a fraction having a mixed number 
or a fraction for its numerator or denominator or both. 

Thus, —9 -S’ are complex fractions. 

, 3 5^. 6 i 3| ^ 

The meanings of these two forms of fractions are not evident 
from the considerations in Arts. 78 to 81. We must therefore 
interpret these forms, i, e., see what they mean. 

1st. Cgmpouni Fractions, Take as an example of -f. 


Then •.* to obtain or f of 1, we divide 1 into 4 equal parts, 
g^nd take 3 of such parts, .•. to obtain -J- of we must divide 
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J, or the seco7idary units that compose into 4 equal parts, and tale 
3 of such parts. And this is the meaning of ^ of 

How this division of the secondaay units into parts and tlie 
multiplication of those parts are to be effected, in other words, 
how the value of a compound fraction is to be expressed in the 
form of a simple fraction, will be shewn in Art. 92. 


2 « 

2nd. Complex Fraction. Take as an example 

one number , „ , , 

another number 

latter, 

2 - 

p-t will meaij. 2^ divided hy 5|., e., the secondary units 

of which the former is composed divided hy those of which thf' 
latten' is composed. 

How this division is to be effected, in other words, how tlio 
value of a complex fraction is to be expressed in the form of a 
simple fraction, will be shewn in Art. 93. 


Ex. VIII. 

1. Express as fractions — 

(1) The integer 5 having 2, 3, and 4 for the denominator. 

(2) 9 ... 3, 4, ... 5 

(3) 7 ... 6, 7, ... 8 

(4) 8 ... 3, 5, ... 7 

^5) 16 11, 12, ... 13 

(6) 25 ... 4, 8, ... 16 

2. Convert the following fractions into their equivalent 
integers 

(1) Y- (2) i. (3) (4) (5) 41. (6) ui. 

(7) ill, (8) ij-i. (9) 44. (10) 411. (11) 1^0. (12) 


SECTION n. TBANSFOBlIiTION OF FRACTIONS. 

88. We con transform one fraction into anpther, i. e., we 
can change the form of a fraction without altering its value. 
In effecting this, the Propositions in the following Article will 
be of use. 
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89. Prop. I. The value of a fraction is not altered if wo 
multiply or divide both the numerator and the denominator by 
the same number. 

Thus, take any fraction Here unity is divided into 6 
equal parts and 4 of such parts are taken. 

4x2 

Multiplying both its terms by 2, we have which 

means that unity is divided into 12 equal parts whereof 8 are 
taken. Now although each part in the latter case being a twelfth 
part of unity is only half as large as each part in the former 
case, namely a sixths yet as in* the latter case w'e take b 
parts, w^hich are tvrice as many as the parts taken in the 
former case, in fact we take just as much of unity now as wc 
took before. 

Hence 

4-i-2 

Again, dividing the terms by 2, we have = y which 

means that unity is divided into 3 equal parts whereof 2 are 
taken. Now although here each part hQing one-third twice as 
large as one-siocth, yet as we now take only 2 parts, which are 
half as many as the parts taken before, in fact w'e take just 
as much of unity as we took before. 

Hence ^ = f 

This may be illustrated thus : — 

Ae^cC ^l'<iligGbB 

Let the line A B represent unity. 

Let A B be divided into 6 equal parts AE, EC, CF, FD, DG, 
and GB ; then 4 of these parts taken together, i . c., AE + EC 
-i- CF + FD make up AD. 

‘Thus‘f of AB = AD. 

Again, let AB be divided into 12 equal parts by bisecting 
or dividing into 2 equal parts each of the above 6 parts, so 
that we have " Ae, eE, Ec, cC, Cf, fF, Fd, dD, Dg, gG, Gb, and 
bB, for the 12 parts ; then 8 of these parts taken together, i. e,, 
Ae + eE + Ec + cC + Cf + fF +Fd + dD make up AD. 

Thus of AB = AD = |- of AB. 
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Lastly, let AB be divided into 3 equal parts by taking 
AE + EC, CF + FD, and DG + GB, to be the parts ; then 2 of 
these parts together, c., (AE + EC) + (CF + FD) make up AD. 

Thus A of AB = AD = A of AB. 


Hence, if the numerator and the denominator contain any 
common factor, it may he struck out mithout altering the value of 
the fraction. 


For, to strike out a factor of any number is to divide the 
number by that factor. 

mi 2x2 2x2-i-2 « 

Tims -|-3 x2“3 x2-4-2”5' 


Prop. II. A fraction is multiplied or divided by an integer 
l)y multiplying its numerator or denominator by that integer. 

Thus, let it be required to multiply f by 3. 

Since x 3 means that the secondary units or parts of 
•y^’hich the fraction f is composed are to be multiplied by 3, the 
product will be obtained by multiplying the numerator 4, which 
denotes the number of parts composing the fraction, by 3, and 
keeping the denominator unchanged ; so that 


Again, let it be required to divide f by 3. 

Since f -r 3 means that the secondary units or parts of which 
the fraction a is composed are to be divided into 3 equal parts, 
the quotient will be obtained by making each part one-third 
of what it is, and this is done by dividing the primary unit 
into thrice as many parts as before, i, e,, into 3x8 parts, and 
keeping unchanged the number of parts taken; so that 

A i 3 — ^ _4. 

Prop. Ill, A fraction is multiplied or divided by an inte- 
ger by dividing its denominator or numerator by that integer. 

Thus A X 2 = (by Prop. II) = (ijy Prop. I) = f 

a. (b,Prop.n).y^ 


(by Prop. I) = A. 
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Prop. IV. A proper fraction is less than unity; and an im- 
proper fraction is greater than, or equal to, unity, according 
as the numerator is greater than, or equal to, the denominator. 

For, ill a proper fraction, the numerator being less than 
the denominator, we take fewer parts than those into which 
unity is divided, i, 6., something less than unity. 

Again, in an improper fraction, when the numerator exceeds 
the denominator, we take more parts than those into which 
unity is divided, ^. «., something more than unity. 

Lastly, when the numerator is equal to the denominator, we 
take as many parts as those into which unity is divided, i. e., 
exactly the whole of unity. 

90. To reduce an improper fraction to a mixed number . 

Rule. Divide the numerator by the denominator; put tlie 
quotient for the integral part, and the remainder for the nu- 
merator of the fractional part, and the former denominator 
for its denominator. 

The reason for the Rule will be clear from the following 
Example. 

Ex. Reduce is. to a mixed number. 

AVe have -^=1945 = 3 together with 4 rem aining to IfO 
divided by 5 =3 -«-|.s=3j.. 

91. To reduce a mixed number to a simple fraction. 

Rule. To the numerator add the product of the denomina- 
tor and the integral pai't for the new numerator, and put the 
denominator below. 

The reason for the i?«Z^will appear from the Example below. 

Ex. Reduce 6 -J- to an improper fraction. 

We have 6| = 6 + 1 = 5-1^ + 1 (Art.86, Prop. I) 
o 

= ^ I “ 1 S thirds of unity + 2 tJmds of unity 
* ='(18 + 2) thirds of unity 
. 18 + 2 


>Q 

a • 
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92. To reduce a compound fractio7i to a simple fraction. 

IluLE. After having reduced (if necessary) the component 
fractions to simple ones, write down the product of the several 
numerators for the new numerator, and the product of the 
several denominators for the new denominator, and cancel or 
strike out all the factors that are common to the numerator 
and the denominator. 

The reason for the Rule will appear from the Example below. 


Ex. Reduce 4 t of ^ to a simple fraction. 
We have f of of 1- = ^ of (-J- of ^). 

Now f of -r 4) x3 (Art. 87) 


” m ® ° 11) ; 

4 . ^ 

4x3x2,.^, 

= glTTxS 

= 1^ (after striking out common factors). 

93. To reduce a complex fraction to a simple fraction. 

Rule. After having reduced (if necessary) the numerator 
and the denominator to the form of simple fractions, put the 
product of the numerator of the upper fraction and the denom- 
inator of the lower for the new numerator, and the product 
of the denominator of the upper fraction and the numerator 
of the lower for the new denominator, and strike out all tlie 
factors that are common to the numerator and the denominator. 


The reason for the Rule will appear from the Example below. 

, 2 -’- 

Ex. Reduce f ^ simple fraction. 

We have ^=| (Art. 91) 

’=1^-^ (Art 87). 

„ 7x5 7x5 

Now jg 


So 


i 


= (7 X 5) secondary units whereof each is^yth of 1. 

7x3 
“ 15 


= (7x3) 
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the number of times that (7x3) sec- 
ondary units each being of 1 are con- 
tained in (7 X 5) secondary units of the 
same value 
= (7x5)-r(7x3) 

7x5 

= the fraction ( Art. 84.) 

= f (after striking out the common factor 7). 

94. AVhen the numerator and the denominator of a simple 
fraction contain any common factor, we have seen (Art. 89, 
Prop. 1) that it may be struck out or canceled, without altering 
the value of the fraction, and the fraction may thus be ex 
pressed by a numerator and a denominator which are les.<f 
tlian what they were before. This lowering of the ter^ms 
of a fraction is, however, not possible when they are prime to 
each other. Accordingly we have the following Definition. 

Def. a simple fraction is said to be in its Lowest Terms 
wdien its numerator and denominator are prime to each 
other. 


95- To reduce a simple fraction to its lowest terms. 

Rule. After striking out from the numerator and the 
denominator any common factors that may be found by in- 
spection, divide the resulting numerator and denominator by 
their G. C. M., and ^rite the corresponding quotients as tlie 
new numerator and the new denominator. 

The reason for the Rule is evident. The division of both the 
terms by their G. C. M. does not alter the value of the frac- 
tion, and the new numerator and the new denominator are 
prime to each other by Art. 68. 

Ex. 1. Reduce lowest terms. 

We have AVs—lH (^7 striking out the factor 8). 

Now the G. C. M. of 117 and 296 is 1, or in other words 
117 and 296 are prime to each other. 

Hence reduced to its lowest terms 
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We may, without proceeding to find the G. C. M. of 117 
and 296, say that they are prime to each other. For 117 = 9 
xl3=»3x3xl3, and neither 3 nor 13 is a factor of 296. 


Ex. 2. Reduce of f of f to a simple fraction 
lowest terms. 


We have of ^ of f = 


2x3x8 

3x4x9“ 

2x2 

! 4 

9 


2 X 3 X 2 X 4 
3x4x9 


in its 


96. To reduce fractions to their equivalent ones havimj the 
least common denominator. 


Rule. Having reduced the fractions to simple fractions in 
their lowest terms, find the L. C. M. of the resulting 
denominators, and write it as the new denominator of 
each. 

Divide it by each denominator, multiply the quotient by 
the corresponding numerator, and put down the product us 
the corresponding new numerator. 

The reason for the Rule is clear. The fractions being first 
reduced to their lowest terms, have their denominators tlie 
least possible ; and the only way in which we can reduce these 
fractious to the required form without altering their values, 
is by multiplying both the terms of each by the same quantity 
such that the resulting denominator will in each case be the 
same, and the least possible. 

Now the required least common denominator results from 
the multiplication of each denominator by some integer, it 
must be the L. C. M. of the denominators ; and the number 
by which the terms of each fraction must be multiplied, is the 
quotient arising from the division of this L. C. M. by tlie 
corresponding denominator. By this process, the resulting 
denominator will be the same in each case, being the L. C. M. 
of the denominators. 

Ex. Reduce f , and \ to their equivalent fractions, 

with the least common denominator. 

Reducing the fractions to their lowest terms we have 
i. i. 
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The L. C. M. of the denominators is 12, and the several 
quotients are 6, 3, 4, 4 ; so that the required fractions are 

1x6 3x3 2x4 1x4 

^ 6^ 4 X 3^ 3 X 4^ O'D'Ci 2 

tV> tV* 

97. Prop. T. Of two fractions having the same denomina- 
tor, the one with the greater numerator is the greater. 

For, the denominators being the same, unity is divided 
into the same number of parts in both cases, and the 
magnitude of the parts is the same in both ; and hence that 
fraction is the greater which Is composed of the larger 
number of parts, c., which has the greater numerator. 

Prop. IT. Of two fractions having the same numerator? 
the one with the smaller denominator is the greater. 

For, the same number of parts being taken in both cases, 
that fraction is the greater in which the magnitude of each 
part is the greater, i, e,, in which unity is divided into the 
smaller number of parts, i. e., in which the denominator is 
the smaller. 

98. By the preceding Article, wo can compare the values 
of fractions by reducing them to their equivalent ones with the 
least common denominator, and then comparing their iiu- 
inerators ; or by comparing their denominators, if they hcivc 
the same numerator. 

Ex. 1. Compare the values of and f. 

The given fractions reduced to their equivalent ones with the 
least common denominator become and and these 

in the descending order are 

f*? ih A y 

the given fractions similarly arranged are 

I. h i and f . 

Ex. 2. Compare the values of ■^, and 

Beduced to their lowest terms, the fractions are 
"Xf it i* 

By Art. 97, Prop. II, these in the descending order are 
iy it i> it 

the given fractions in the same order are 
it TJt 115t 
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Ex. IX. 

1 . Express the folloiving improper fractions as mixed or 
■w-hole numbers : — 


(1) 

A 

2* 

(2) 

f ( 3 ) 

AO 

5 * 

( 4 ) 

1 6 

1‘8* 

10) 

^7 * 

(6) 

T- ( 7 ) 

10ft 

1 3 • 

(8) 

60 8 
a 6 * 

i^) 

4- 

1 2 ' 

(10) 

(11) 

7 8 9 

66 • 

(12) 

1000 

9 9 ■ 

2, 

Reduce 

the : 

following mixed 

. numbers to the form of 

simple 

1 fractions : — 




(1) 

^ 3 ' 

(2) 

3 |. ( 3 ) 

H- 

( 4 ) 

8* 

( 5 ) 

iiii. 

(6) 

13 *. ( 7 ) 

29 * 

(8) 

19 |. 

( 9 ) 

16 *. 

(10) 

121|f (11) 

lOOi-J. 

(12) 

IOOO-J5. 

3 . 

Reduce 

the 

following compound fractions 

to simple 

fmctions in their lowest terms ; — 




0) 

1 nf 3 

■gr ¥• 


(2) i of |. 

( 3 ) 

1 of 

tV 

( 4 ) 

i of |. 


( 5 ) 1 of I . 

(6) 

H of 

iU. 

( 7 ) 

^ of 1 of 

4 * 

(8) |of|of f, 

( 9 ) 

1 of i 

^ of 1 

(10) 

i of f . 

of 1 of %. 




(11) 

i of* 

of f 

off. 




(12) 

31 off 

of 1 

of of 91 - of 

tV T" 

iV* 


113 ) 

1 of HI of , 

of 3 * of f 




( 14 ) 

2*t of * of 1 of li of l-S 




( 15 ) 

-k of 1 

of f ( 

of 1 of 1 of 1 . 

of i of 1 

I 

r* 


(10) 

1| of 1 

1 of : 

[| of 1| of 1| 

of 1+ of 

1| of 

1 »• 


(17) irk of li of fk of H of U of U- 

( 18 ) H of U of If of If of 

4 . Beduce the following complex fractions to simple frac- 
tions in their lowest terms: — 


2 | 

H' 


It 

2 ‘.- 


2 |' 



( 1 ) 


( 2 ) 


( 3 ) 
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(5) 

(9) 

(13) 

(13) 


4^^. (10) 

T of i * 

2i of 31 
li of 2f 


21i 

(0) ;-?■ 


17 

4 off 
f of f 


(7) 


33+ 

lev 


(8) ^ 


2n- 


(11) (12) 
n 41 T of f of 4 

4 of A of 1- 


2f 


4 of 


T<y 


(16) ??L^UtV 


of 


18J of H of 


5. Reduce the following fractions to their lowest terms : — 


(J) 

tV- 

(2) 

1 0 
yy. 

(3) 

xs. 

6 2* 

(4) 

3 9 

9 1* 

(5) 

12 1 

0 O O* 

(6) 

3 6 1 

T-bo* 

(7) 

3 8 4 

2 8 8* 

(8) 

a 2 .6 

0 4 5 * 

(9) 

1 fi 9 

2 7 3 • 

(10) 

6 8 6 
Tay* 

(11) 

1 9 .8 

2 6 0* 

(12) 

4 6 0 
0^0* 

(13) 

1 2 .1 
fi 5 (T* 

(14) 

7 8 0 

10 11* 

(15) 

1 .8 5 

9 9 9* 

(16) 

.16 0 

0 0 3' 

(If) 

2 4 

6 4 2* 

(18) 

g * 8 

8 40* 

(19) 

2 6 6 
T20* 

(20) 

7 00 

9 10* 


6. Reduce the fractions in each of the following sets to equ iv- 
alcnt fractions having the least common denominator : — 


(1) h 


l, and 


and tV- 


i- (2) h h and f 

(4) f, and yV- 
(®) tVf tV> and /y. 

(®) h h h and 

(1^) Tf> and 

(12) yVr, aW> ifVV> and y. 


(^) h 

0^) *,TV,and yV 
(7) h h and y'L. 

(^) ih and yV 

(11) U. U. n. and H- 

(1^) f> T> T> T> o'? T> ■!> and I*. 

(11^) if T> if if if if a"? and 

(1^) T> T> if !■> and yy. 

(1^) ■ 3 ¥> and yyVs- 

(1^) tV> Aj and yfy. 

(1®) -xisf To^i and y^^. 

7. Comp 9 .re the values of 
(1) *, if and f (2) f, and 

(3) A,. I, and y?^, (4)i, yV, and 


i#. 


It 

T* 


6 
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(5) I of I, tV. and (6) f of 2i, •* of and U. 

0) T> T> i-j B'j 'f> and -J-, 

(8) f. i, h h h h and 

(9) I. I. T. I. and f 

(10) h f,.f, h h and i, 

(11) a, M, H. and if. 

(12) tV, ii, iiSVj ITS"* and 

(18) ff> Itj Itj and 
(14) A, if, if, and 

/I rtx a aa oo aaa 

To> To^> iWZTJ 8 0 0' 

SECTION III. AliDITION OF FRACTIONS. 

99. Rule. Reduce compound and complex fractions to 
simple ones ; improper fractions to mixed numbers, and all 
the proper fractions to their lowest terms. 

Add together the integral parts of the summands, if any, as 
in Simple Addition. 

Reduce the proper fractions in the several summands to 
their equivalent ones having the least common denominator; 
add together the new numerators of these fractions, and put 
down the result as the numerator of the sum, and the least 
common denominator as its denominator. 

The resulting fraction, reduced if possible, together with the 
sum of the integral parts already found, will be the sum 
required. 

Reason for the Rule. To add numbers together is to add 
together their integral parts and also their fractional parts ; 
and to add fractions together is to add together the numbers of 
parts of unity that they contain when reduced to a common 
denominator. Thus, take the following Example : — 

Ex. Add together 2^, ^ of f, 5^^, and 

We have +f of f + 6-A + |-= 2J + f + 6f + | 

-2+6+i+f +f +1 
= 7 + ^ 
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A>U\V 4 0^ 40 ^40 ” 40 

= 20 times the ^*^th part of unity 

+ 8 

+ 8 

+ 15 

= 51 

— p 1 • 

40^ 

*. sum reqd. = 7+ |^=7 + l+ :|^ = 8 + |i. 

The process is shortly represented thus : — 

4iof| + 5yV + f=2i + i + 5i + A = 2 + 5 + ^+i + | + -^ 
^ 20 + 8 + 8 + 15 ^ 

= 7 + 40 7 + 1^ 

= 8^. 


} . Add together 
(1) ^ and J. 

(4) I and 
(7) IJ and 3^. 
(10) ll^and^. 
(13) I, andf 


Ex. X. 


(2) 

1 and f 

(5) 

and *. 

(8) 

2^ and 5f . 

(11) 

H and *. 


(3) I and f 
(6) ^ apd Ai. 

(9) 8.^ and 10* 
(12) *and-/j. 


+ I + I+A- 


(1^) TT> TT> iri xV 

(1 5) i of of U, A. and 38*. 

(16) 3A of 5i, f I of *, and 101 *V 

(17) I-, x|-, -lx-, and ^.J-. 

(18) •!■> *> *1 *, and *. 

2. Find the value of 

(1) i+i+i + i- (2) i+i 

(3) A xV- (^) * + vV + + W' 

(5) I + I+A+tV (6) f + T’o+A+TiV 

(7) A + l+l+^ + i+l+| + | + *. 
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iS) 4 + 2 ;- + 3A + 4f + 6A + + 7-J + 8-S + 9 tV 

(^) tV T 'aV A oV 

(10) ioff of3if + TV + HofTV + 2. 

(11) 2AofAof2| + 6T!\y + f*- + 22j. 

(12) + * of of i + H + 33i + 6C-J-. 

(13) of4of*- + -^ + TV + 28A- 

’^'3' 

+ of3i+28^V- 

(1.)) 4 + -H + fia+i-SSofi + 82. 

SECTION IV. SUBTRACTION OF FRACTIONS. 

100 . Rule. Having reduced the fractions as in Addition. 
sniDtract the integral part of the subtrahend from that of 
the minuend. 

Reduce the fractional parts of the minuend and the subtra- 
liend to their equivalent fractions having the least common 
denominator, and subtract the new numerator of the subtra- 
hend, if possible, from that of the minuend, and put down the 
difference as the numerator of the remainder, and the least 
common denominator as its denominator. If the new numer- 
ator of the minuend is less than that of the subtrahend, take 
1 from the integral remainder already found, add it to tlie 
fractional part of the minuend, reduced as aforesaid, and having 
reduced the mixed number so obtained to an improper 
fraction, from its numerator subtract the new numerator of the 
subtrahend, and proceed as before. 

JReason for the Eille, To subtract one number from another 
is to subtract separately the integral and the fractional parts 
of the former from the corresponding parts of the latter ; and 
to subtract one fraction from another’ is to subtract the num- 
ber of parts of unity contained in the former from the number 
of parts in the latter, when they are reduced to a common 
denominator. When the number of parts of unity contained 
in the minuend is less than that in the subtrahend, we bor- 
row 1 or an entire unit from the integral remainder, and 
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add It, or in other words, the number of parts in an entire 
unit, to the number of parts in the minuend, and subtrfict 
Irom the result the numl)er of parts in the subtrahend. 

Ex. 1. Subtract 2^ from G^. 

"iV 0 Jiave 6 ^ - 2 -J = (6 - 2 ) + i J 


Ex. 2 . Subtract 3|- from 6 ^. 

We have 6 ^ - = (G - 3) ^ 


= 3 + _a_ - in 
*^^12 12 


= 2 +(l+^)-lf 

. 1 O 

T 2 


9 — TO 

•— - Tyij- ^ 


Os 

~ -^1 2 * 


Ex. 3. Subtract -I from 3. 

'‘♦Vehave 3 -A = 2 + 1 - 4=. 2 +-f- - -i 


Ex. 4. Find the value of of A - i + - t of 
AVehaveAofA-A + i-* of* = 3^^-^ + A-A 

“ A I- " (f t) > 

for, and are meant to be added together, and a and \ are 
both meant to be subtracted from the sum of - 52 ^ and 

and + w ” (tV + 

Ex. 5. What proper fraction must be added to 2 | to make 
the result an integer f 

Evidently^ the required fraction must be such, that being 
added to i, it will give 1 for the sum; 

. •. the fraction required = 
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Ex. XI. 


1. Find the difference between 


(1) i and |. 
(4) I and A. 
(7) i and 
(10) 24 and 7|. 


(2) I and 4. (3) I and |. 

(5) 4 (®) T 

(8) -I and -j^. (9) and 

(11) 54 and 2f. (12) 12* and 17*. 


(13) 224 and Ilf of*. 
(15) 4 of 

A and 17-^* 
(1/) llsfW and 3g^. 
(19) 2 and 


(14) 25 and | of 
(16) of|f and^of-^V 
(18) V^andAoftVof t\ 
(20) 22 and 33|. 


2. Find the value of 

(1) i + f-i-1 (2) + 

(3) i + 1^ “ A ~ tV* (^) »• 1 * Te + !■• 

(^) A '**irV “ T1 +tV (^) To aV 

3. TVhat fraction must be added to f to make the sunk 
equal to the difference between 2 J and ? 

4. What proper fraction must be added to 5yV make the 
result an integer ? 


5. What fraction must be subtracted from to give ^ 1 

6. What fraction must be added to ^ to give | ? 


SECTION V. MULTIPLICATION OF FRACTIONS. 

101. Before giving the Rule for the Multiplication of frac- 
tions, let us see how far the meaning we have attached to the 
operation of Multiplication in our Definition in Art. 13, applies 
to the case in which the multiplier is not an integer. 

When a number is taken to the extent of its double, triple, Ac., 
we say that it is taken 2, 3, &c. times, i. e:, is multiplied by 2, 3, 
ifcc. Similarly, when a number, whether integral or fractional, is 
taken to the extent of its half, one4hird, two-thirds, &e,, we 
Bnay, by a stretch of language, say, that it is taken 'hxdf, one-third, 
two-ih.rds, &g. times, or rather parts of a time, ». e,, by our 
Definition in Art. 13, that it is multiplied by -J, 
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Thus, to multiply any number by is to take f of 2|, 
i. €., I- of I ; i. e., it is to divide ^ into 7 equal parts, and 
then to take 2 of such parts; 

. 2 * « f . ( J * 7) X 2 . . 2 - If? p„p. I,) 

= |- (after striking out 7). 

Similarly, if there is another factor 4, we have 
7x2 3 7x2x3 

^4=3x7x4""^’ 

(after canceling the common factors 7, 3, and 2). 

Hence we deduce the Rule for the Multiplication of fractions 
given in the next Article. 

102. Rule. Reduce the factors, if necessary, to the form 
of simple fractions, multiply aU the numerators together for 
tiie numerator of product, and all the denominators together 
for its denominator, and simplify the result by canceling all 
the factors common to the numerator and the denominator. 

Ex. Multiply I-, f, ^ and f together. 

By the Rule we have 

^ 2 X 4 X 3 X 5 

^ V i V fl V ® •“ ■ — M i 

3X, 

103. In the Multiplication of fractions, the order of the 
factors is immaterial. 

2^6 6x2 ,,, 

Thus T^f=3x7“"7x3 

1 04. It may be here observed that a compoimd fraction 
denotes the product of the component fractions. 

Ex. XII. 

1. Multiply— 

(2)ibyi. (3)libyf 
(4) I by*. (5)fby*. (6)|by|f 
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(7) J of A by i of f (8) 3| of ^>7 tt- 

(9) i of J by ± of (10) of Aa by . 

(1 1) of f by 1^ of (12) if of f A by of !*• 

2. Find the continued product of 

(1) h h h and f. 

(2) tj 4> T> e"? T> "g"? and 1^. 

i * ft ♦ ft nTifl ft 
Yf BJ T> la? TT> ana -j-** 

(4) tV. ih H> and ±|. 

(^) T«> and -f. 

7_ 1.P 0 9 B o-nfl _0 

' yyj YTi Too? TT? ana yg^. 

3. Find the value of 

(1) 1 off xyV + 3|-2A. 

(2) It + If ^ fff ^ f “ Tfr* 

(3) 3f-fx| + fx*. 

SECTION VI. DIVISION OF FRACTIONS. 

105. The meaning which we have attached to Division 
in Art. 14, is applicable to the Division of an integer or a 
fraction by a fraction, as we have already seen in Art. 
93, and as will further appear from the following Examples. 

Ex. 1. Divide 3 by f. 

Here we have to find how often the secondary units 
in f are contained in 3 primary units, i. c., how often 4 second- 
ary units, whereof each is fth of 1, are contained in 3 x 5 
secondary units of the same value ; 

3x5 

. ■. the quotient reqd. = 3 x 5 -r 4 = — j— 

4 

dividend x denr. of divisor 


Ex. 2. Divide f by f. 
Here we have 


nmnr. Of divisor 
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quotient reqd. = I- | 

2x5 3x3/..Qf,„ T\ 

“ 375^573 

_2x5 3x3 

15 

= 2x5 secondary units whereof each is of 1 

3 X 3 

^2x5 

“30 

_ numr. of dividend x denr. of divisor 
denr. of dividend x numr. of divisor * 

Hence W’e deduce the Rule for the Division of fractions given 
ill file following Article. 

106. Rule. Reduce the dividend and the divisc^r, if 
necessary, to the form of simple fractions, invert the divisor, 
and then proceed as in Multiplication. 

Ex. Divide 2i of | by f of f. 

By the Rule we have (^2i of -5- (f of -|) = (f of I) -f (|- of |) 

_ 5 X 3 3x2 

2 X 4 ’ 8 X 3 
5 X 3 8x3 
" 3T2 

_5x3x8x3__15 
2x4x3x2 2 

107. It now remains to be seen how far the second 
meaning of Division noticed in Art. 50, is applicable to the 
division of a number by a fraction. Division in this sense is 
the method of finding the magnitude of each part of the 
dividend w’hen it is divided into the number of parts 
indicated by the divisor, or in other words, of finding a part 
of the dividend, such that when multiplied by the divisor, 
it will reproduce the dividend. In this sense, to divide 
■I by f is to, find a fraction, such that when multiplied by f 
in the sense in which Multiplication is understood in Art. 101, 
it will produce f. 
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Now the quotient of | -j- 4 according to the Rule in 


and 


2x5^3 

3 


s 


Hence, the quotient obtained by the preceding Rule also 
expresses numerically the magnitude of a part of the divi- 
dend, such that when multiplied by the divisor, it will 
reproduce the dividend. 

108. From the above we see that in the Division of frac- 
tions also, 

quotient x divisor = dividend. 


Ex. XIII. 


1. Divide — 

(1) 1 by i. (2) 2 by f (3) H 

■(4) tV by #. (5) ^ by (6) 3 ^ by 4 tV j 

(7) of 4 of 4 by xy of of 

(8) i of i of I- by i of i of 

<9) li of 2^ of 3 ^ by 2^ of Sf of 4|. 

(10) 7i of * of 44 by * of * of W- 

(11) lOU of 4 of A by if of 4*. 

(12) IxV of 2f of 3f by 3* of 4* of f. 

2. What number multiplied by f of f of f will give 
f of f of f ? 

3. What number must be multiplied by the continued 
product of the reciprocals of the first five integers to give 
the reciprocal of the sixth } 

• 

4. Divide the difference between ten and one-tenth by 
the sum of one and one-tenth. 
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Miscellaneous Questions and Examples. 

109. In simplifying expressions containing fractions, the 
Eiile in Art. 76 should be borne in mind. 


Ex. 1. Simplify 


H_of - i of i _ / i_\ + 

^ Vio 


The given expression 




i-I_XF 


1 00 ‘ 


100 
.11 x5 
4xir 


^Tl • 8 


‘To * 


A-A 


D 4. ft 

Too ^-g- 


_ 1 2 


100 


^_ Sx2 


- ^ 


= ^ - — fi— + A — 160 « S-* + «a s 

16 lOO^S flOO 600^800 
== 3 3_L 

<roo* 


Ex. 2. A owns -I of an estate and B of the same. For a 
certain price, A offers to sell you ^ of his share, and for the 
same price, B offers to sell \ of his. Which is the more profit- 
able offer to you ; what is your gain by accepting it ; and 
what share of his property must B offer to make the two offei-s 
equally profitable 1 

Here there are three questions. Take them one after another. 

(1) To find which is the more profitable offer. 

For the same price, 

A offers -J- of his share, i, e., of of the estate, 
andi? ... I |of.^ 

Hence, the question is reduced to the comparison of the two 
fractions -J- of J- and | of i\r 

tV and 

e., .g^ and -ft. 

The latter, being the greater, jB's offer is the more profitable 
of the two. 

(2) To find the gain. 
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This is the difference between the two offers, L e., between 
sV and -h and equals 

So that by accepting ]^s offer, the purchaser gets 
estate more than what he gets by accepting the other offer. 

(3) To find the share of his property that B must agi'ee to 
sell, to make his offer equal to A*s. 

.4’s offer is of the whole estate, 
and B owns 

Hence the question is reduced to finding a fraction such that 

being multiplied by it, will produce y\j-. 

This fraction = 1 ^ to “ 

So that B must agree to sell ^ of his property to make 
his offer equal to A*b. 

Ex. 3. What is the total number of nipees whereof -J- being 
spent for one purpose, and \ for another, there remain 6 rupees 
left? 

Taking y + -J- from the whole or unity, 

we have 1 - (^ + ^) - 1 -^ = ^. 

Now yV X the total no. reqd. = 6 ; 

the total no. reqd. = 6 -f - 5 ^ = ^ _ 20 . 

u 

Ex. 4. A book contains 4 chapters, whereof the 1st and .the 
2 nd together contain of the whole number of pages in the 
book ; the 2nd and the 3rd together, J of the whole number ; 
and the 2 nd contains twice as many pages as the 1 st and the 
3rd together : and there are 20 pages in the 4th chapter. 
What is the total number of pages in the book, and how many 
pages arc there in each of the first 3 chapters ? 

Here, we have 

no. of pages in Ch. I + no. in CL 11=^ of total no. ; 

Ch.II+... CLIII-i ... ... 

.• Ch. I + ... Ch. Ill + 2 X no. in Ch. .II 

= (to + i) of total no. = of total no. . 
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But by the question, 

no. in Ch. IT = 2 x (no. in Ch. I no. in Ch. Ill) ; 

. •. no. inCh. I + no. inCh. Ill + 2 x 2 x (no. inCh. I + no. in Ch. Ill) 
or 5 X (no. in Ch. I + no. in Ch. Ill) 
and . *. no. in Ch. I + no. in Ch. Ill 

Hence no. in Ch. II 

and .-. no. in Ch. I + i of total no. 

or no. in Ch. I 

Similarly, no. in Ch. Ill 
Hence no. of pages in the first 3 Ch. 
and ‘ Ch. IV 

But by the question, 

no. of pages in Ch. IV 
• '• 2*0 of total no. 
and .*. the total no. of pages 

And hence no. of pages in Ch, I 

;...Ch. II 

and Ch. Ill 

Ek. 5i A man dies leaving his father who gets ^ of his estate, 
3 widows w’ho divide ^ ofhisestateequally amongst themselves, 
and 2 sons and 3 daughters who take the remainder in such a 
manner that each son gets twice as much as each daughter. 
Divide the estate into the least number of parts such that each 
claimant may get an integral number of those parts. 

The father gets i of the estate ; 

each widow, i of or ; 

and there remain 1 - (^ +|.) or 

Now each son takes 2 parts while each daughter takes 1 ; 
for the children there must be 2 + 2 + 1 + 1 + 1 or 7 parts, 
whereof each son takes 2, and each daughter 1, 


2 5 

’20 

J. of 
6 2 0 


of total no. , 


= 2xA 

= 

¥o 

— iA - 1 
■“2 0 T 

— _S_ 

■“ 2 0 

— A — i 
“6 2 
__ 1 

— To 

— 1 4- i 

2 ' 20^10 

_ lii. 

2 0 

— 1 _ 1 S 

— ^ To 

5 _ 

*" To 


20 ; 

20 ; 

20-^/^ 

80. 

* of 80 = 12, 
i of 80 = 40, 
of 80 =* 8. 
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This is the difference between the two offers, e., between 
A ‘^nd equals ^ = A- 

So that liy accepting Fs offer, the purchaser gets A 
estate more than what he gets by accepting the other offer. 

(3) To find the share of his property that B must agree to 
sell, to make his offer equal to -^l*s. 

-4’s offer is of the whole estate, 
and B owns 

Hence the question is reduced to finding a fraction such that 
y'\j being multiplied by it, will produce y^^. 

This fraction = A A *= 

So that B must agree to sell \ of his property to make 
his offer equal to -4’s. 

Ex. 3. What is the total number of rupees whereof ^ being 
spent for one purpose, and | for another, there remain 6 rupees 
left? 

Taking J + -I- from the whole or unity, 

we have 1 - + ^) - 1 - ^ = 

Now A ^ = 6 ; 

the total no. reqd. == 6 -r- A = = 20. 

o 

Ex. 4. A book contains 4 chapters, whereof the 1st and .the 
2nd together contain of the whole number of pages in the 
book ; the 2nd and the 3rd together, f of the whole number ; 
and the 2nd contains twice as many pages as the 1st and the 
3rd together : and there are 20 pages in the 4th chapter. 
What is the total number of pages in the book, and how many 
pages are there in each of the first 3 chapters ? 

.. Here, we have 

no. of pages in Ch. I + no. in Oh. II of total no. ; 

Ch.II+... Ch.III = A 

.• Ch. I + ... Ch. Ill + 2 X no. in Ch. IJ 

*= (Ir + i) of total no. => ft of total no. ^ 
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But by the question, 


no. in Ch. IT = 2 x (no. in Ch. I + no. in Ch. Ill) ; 

. *. no. ill Ch. I + no. inCh. Ill + 2 x 2 x (no. in Ch. I + no. in Ch. Ill) 
or 5 X (no. in Ch. I +no. in Ch. Ill) = f J of total no. ; 

and . •. no. in Ch. I + no. in Ch. Ill = of 

__ 1 

~ IT • • • • 

Hence no. in Ch. II = 2 x-^ 


and . •. no. in Ch. I + -J- of total no. 

or no. in Ch. I 


i-A 
2 O 

1 .1 _ 1 
20 T 


5 

? 


Similarly, no. in Ch. Ill 
Her.ce no. of pages in the first 3 Ch. 
and ' Ch. IV 


2 O 

6 2 
tV 

2'0 

1 — 1 S 
^ 2 0 


5 

20 


I3nt by the question, 

no. of pages in Ch. IV 
. •. of total no. 
and the total no. of pages 

And hence no. of pages in Ch. I 

Ch. II 

and Ch. Ill 


= 20 ; 

« 20 ; 

= 20 
= 80. 

= of 80= 12, 
= i of80 = 40, 
= ^ of 80= 8. 


Ex. 5. A man dies leaving his father who gets of his estate, 
3 widows who divide ^ of his estate equally amongst themselves, 
and 2 sons and 3 daughters who take the remainder in such a 
manner that each son gets twice as much as each daughter. 
Divide the estate into the least number of parts such that each 
claimant may get an integral number of those parts. 

The father gets ^ of the estate ; 

each widow, -J- of -|- or ; 

and there remain 1 - (± + 1.) or 

Now each son takes 2 parts while each daughter takes 1 ; 

for the children there must be 2 + 2 + 1 + 1 + 1 or 7 parts, 
whereof each son takes 2, and each daughter 1. 
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Hence each son takes ^ of or -J-J- of the estate, 

and each daughter ^ of or 

Thus the shares of the claimants are 

¥*> ¥¥> tVf 3 

and these fractions reduced to their equivalent ones having 
the least common denominator, are 

tW> T6 8 » AV ^^4 

Hence if we divide the estate into 168 equal parts, the 
father will get 28, each widow, 7, each son, 34, and each 
daughter, 17 parts; so that 168 is the number required. 


Ex. XIV. 

I. 

‘ 1. What is a Fraction and why is it so called ? What are 
the two systems of fractions in common use ? 

2. State the method of Notation of fractions. Point out 
clearly the relation between the value of a fraction and the 
result of the division of its numerator by its denominator. 

3. Shew that the value of a fraction is not altered if its 
numerator and its denominator are both multiplied or both 
divided by the same number. 

Reduce to its lowest terms. 

4. What is a Compound Fraction ? Shew how to reduce 
a Compound Fraction to the form of a Simple Fraction. 

Simplify of of of (-1 + 1-). 

5. ‘ What is a Complex Fraction 1 Shew how to simplify 
it. 

- Simplify of 3^ 

6. A workman is offered 6 rupees per w'eek (i. e 7 days) 
by one employer, and 25 rupees per month (^. e. 30 days) by 
another. Which is the better remuneration 1 
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11 . 

1. A person inherits f of f of an estate; he next obtains 
hy gift i of that estate ; and he lastly purchases -gV 
same. How much of the estate does he now own, and what 
fraction of the estate remains to be acquired by him, to make 
him the sole proprietor of the whole ? 

2. A post has ^ of its length in the mud, in the water, 
and 12 feet above the water. What is the whole length of 
the post ] 

3. A gentleman has two sons and a daughter. His age 
equals the sum of the ages of his children ; the age of the 
eldest child is ^ of his age ; that of the second, ^ of his 
age ; and that of the third, 10 years. Find the ages of the 
father and the first two children. 

4. Two numbers are respectively and -1^ of a third ; and 
the difference between this last and the sum of the other two 
is U). Find the numbers. 

5. Find the difference between the reciprocal of the sum 
of the first four natural numbers and the sum of the recipro- 
cals of first four even numbers. 

6. Find the least fraction which being added to the sum of 
J and ^ will make the result an integer. 

III. 

1. Find the number of which the double and the trijde 
together exceed the half by f. 

2. If I pay away |- of my money, then ^ of what remains, 
and then f of what still remains, what fraction of the original 
amount have I still left] 

2+3 3+4 

3. What number muet be added to — — ^ + = — r-r to 

12 + 13 7+14 

1+2 2+3 

make the result equal to rr — ? 

• ^ 2 + 3 4 + 6 

4. Each of 3 bags contains a certain number of rupees, 
such that th*e amount in the first and the third taken 
together is twice the amount in the second which is 
600 rupees; and the amount in the first and the second together 
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is I of the total amount : find the total number of rupccSj 
and the number in the first bag. 

3 + 3 

5. What number must be taken from to make the 

4 + 4 

1+2 

result equal to - — - ? 

2 + 0 

G. Three boys A, B, and C, have each a certain number 
of marbles. The number belonging to is of the number 
belonging to all the three ; the number belonging to A and B 
together is of the total number ; and the number belonging 
to is 16. Find the total number of marbles, and the num- 
ber belonging to A, 


lY. 

1. What do you understand by the Multiplication of a 
number by a proper fraction ? 

Give the reason for the Rule for the Multiplication of 
fractions. 

2. Multiply the sum of |,f,and f by the difference between 

I- and^. 

3. What number multiplied by -I of f - f of will pro* 
duce T of ? 

4. The sum of the ages of two boys is 24 years, and the 
difference of their ages is f of the age of the younger. What 
is the age of each 1 

5. The sum of two fractions is 2-| times their difference, and 
the greater is Find the less. 

6. Find the continued product of , 5^ and 6y|. 


Y. 

1, What is the meaning of the quotient arising from the 
Division of one fraction by another 1 

State the Rule for the Division of fractions, and give the 
reason for that Rule. 
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2. A number divided by 2 becomes half of what it is, and 
a number divided by ^ becomes double of what it is. Explain 
clearly the reason for this. What do you understand by 
Division in the latter case ? 

3. What number divided by 3^ will produce 5^ ? 

4. What number multiplied by the sum of ^ and will 
equal the quotient arising from the division of the difference 
of J and by the sum of ^ and ? 

3 # 

5. Divide the product of ^ and by the quotient arising 

4 ^ * 

from the division of -5- by 2^. 

6. By what niunber must you divide 9^ to make the quo- 
tient equal to 23? 


1 . 


Simplify : — 

0) 


VI. 


3 X f * 74 


/ 2 ) 


of A. 


2. A owns j- of an estate, and sells ^ of his share to 
Ji. How much more of his share must A sell to £ to make 
their shares equal, and what share of the entire estate will 
each own in that case ? 

3. In a certain field there are 66 trees arranged in 3 rows. 
The number of trees in the 1st row is 3 times that in the 
3rd, and 2 times that in the 2ud. How many trees are there 
ill each row ? 

4. Find the sum of the sum and the difference of 2^ and 
3^-, without performing the operations of Addition and Subtrac- 
tion of fractions. 


5. What part of ^ is J, and what part of is f ? 

6. A man dies leaving 2 widows, 3 sons, and 4 daughters. 
His widows are entitled to -J- of his property, to be divided 
equally between them, and his children to the remainder, to be 
divided amongst them in such % manner that the share of a 
son shall be doublo of that of a daughter. Divide the property 
into the least number of parts such that each claimant may get 
an integral number of those parts. 


7 
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DIVISION II. DECIMALS. 

SECTION VII. NOTATION AND NUMERATION OF DECIMALS. 

110. We have seen in Art. 79, that decimal fractions arc 
those that, consist of secondary units or parts whicli are tenths, 
l>undrodths, &c., of the primary unit. Hcncc, a decimal is a 
fraction having 10, 100 e. e. 10®, or some other power of 10, 
for its denominator, and the number of tenths, hundredths, 
or otlier parts that it coii.'Jsts of, for its numerator ; and it 
may be expressed in the same manner as a vulgar fraction. 

Thus, 

three-tenths, seven hundredths, twenty-six thousandths, 
may be written 

JL 

10 ’ 100 ’ 1000 * 

111. The numerator of a decimal fraction may be analyzed 
into its constituent digits which would represent the number 
of tenths, the number of hundredths, <S:c>, that compose the 
fraction. 

Thus, take as an example the decimal fraction y^Vo* 

^ iooo 1000 1000 1000 lOOO 

10 100 1000 

Take another decimal fraction 
rru 705 __700 + 0xl0 + 5__ 700 +0x10^ 5 

®^ 10000 10000 “ 10000 10000 10000 

_ 7 0 5 

100 1000 "^ 10000 * 

From the above we see that a decimal fraction may be 
regarded as a number composed of the figures of its numerator, 
the first figure on the left representing so many tenths or 
hundredths, or the like, as the case may be, and the others 
having their local values decreasing tenfold at each step towards 
the right. 
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112. The preceding Article suggests another method of 
Notation for decimals, as will be seen below. 

In the Common System of Notation, the local value of 
every figure increases tenfold at each step towards the left^ i, 
decreases tenfold at each step towards the right. If then we 
(consider this scale of tenfold decrease of local value extended 
to the right of the units* place, and put figures there, sepa- 
rated from the other figures by a mark such as a dot, \vc shall 
have to the right of the dot a series of figures whose local 
values are so many tenths^ hundredths, &c., and these figures 
will in every case represent some decimal fraction or other. 


Thus, 


267-203 = 267 +A + 
10 


0 

100 


+ 


3 

1000 


= 267 


203 

1000 ’ 


So, 


203 represents tlie decimal fraction 

•023 = -- + — 

10 100 1000 

23 

1000 ’ 


I. e., -023 represents the decimal fraction xJJq. 

And so in other cases. 

Hence we may deduce the following Rule for the Notation 
of decimals : — 

Rule. Having written in figures the integral part of the 
number, if any, place a dot on its right, and on the right of the 
dot, write the numerator of the decimal fraction, preceded by 
ciphers, if necessary, to make the number of figures to the right 
of the dot equal to the number of ciphers in the denominator. 

Ex. Express in figures, two hundred and fifty-six, and fifty- 
three thousandths. 

Here, there bhing 3 ciphers in the denominator, the numera- 
tor 53 must have 1 cipher prefixed to it, before it is put after 
the dot; and the number will be written thus 

25C- 053. 
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And hence a decimal expressed in the above mode can be re- 
duced to the form of a vulgar fraction by tlie following Rule: — 

Rule. Write the decimal, omitting the dot and the ciphers 
ju.st after it, as the numerator, and 1 followed by as many ciphers 
as there are figures to the right of the dot, for the deuomiiiatt>r. 

Ex. Express '028 as a vulgar fraction. 

W e have *028 = Y 5 ~S(y ” a 

Def. The dot separating the integral part of a number 
from the decimal is called the Decimal Point, and the places 
of figures to the right of the dot arc called the Decimal Places. 

1 1 3. The above is the usual method of Notation for decimals. 
We have thus a uniform ascending and descendhig scale of 
Notation extending without limit to the left and the right of 
the units* place, the former or the ascending part of the scale 
consisting of tens, hundreds, <fec., and being sufficient for the 
expression of all possible integers ; and the latter or the de- 
scending part of the scale consisting of tenths, hundredths, ttc., 
and being sufficient for the expression of all possible decimal 
fractions. 

It is this capability of being expressed in a uniform system 
of Notation with integers, that constitutes the peculiar advraitage 
of decimals over vulgar fractions, and makes them peculiarly 
adapted for numerical calculation, as the student will hereafter 
see. 

114. The above system is evidently convenient and complete 
for the expression of decimal fractions. It now remains to be 
seen whether every possible fraction can be expressed in this 
system. 
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Too ^ 3’ 


or similarly = '333 + 
<fec. 


1000 

die. 


1 

3* 


This shews that, the operation w’ill never terminate, or in other 
words, that ^ can never be exactly expressed as a decimal, though 
by continuing the operation, and taking more and more places 
of doeiinals, the difference between i and the decimal becomes 
successively -g-^o^, &c., and will grow less and less; i. c., 

we can have decimals approxhaating to the value of J, 'without 
ever being exactly equal to it. 

h"rom the first of the above two examples, we see that some 
vulgar fractions can be exactly expressed as decimals ; and from 
the second we see that some again cannot be so expressed, 
tiiough we can have decimals approximating to their value. 

115. A Numeration Table for decimals may be given similar 
to that for integers. 


^ g § 5.3 g ^ 

g ■ 5“ g 


Accordingly, taking as an example, any number, 139 ‘0232, it 
may be read, one hundred and thirty nine, and two hundredths, 
three thousandths and two ten thousandths. But 2 hundredths 
+ 3 thousandths + 2 ten thousandths 


2 3 2 

~ 100 1000 10000 
• ^ 232 

“ 10000 ’ 

or two hundred and thirty-two ten thousandths. Thus the deci- 
mal part may be read in two ways, whereof the latter is the 
shorter, and being similar to the mode of naming ordinary 
fractions-, by naming separately the numerator and the denom- 
inator, is the one usually adopted. Besides these, there is 
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another common mode of naming decimals, in which the 
figures in tlie successive decimal places are read out one after 
another. Thus the above number will be read thus : — one 
hundred and thirty-nine, decimal nought, two, three, two. 

IIG. Prop. I. A decimal is multiplied or divided by 1 0 
by removing the decimal point one place towards the right 
or the left. 


Thus, taking any decimal 2*307, 

’sve httve 2-307x10= (2 + 4^1 xl0 = ^^xl0 

V 1000/ 1000 


and 


2307 7 

100 ^"100 


= 23*07 ; 


2*307 -i- 10 


2307 ^ 1 

1000 To 


^ 2307 
10000 
= *2307. 


Pp.op. IL The value of a decimal is not altered by affixing 
ciphers to its right, but is decreased ten-fold by prefixing a 
cipher to its left. 


Thus, taking any decimal *237, we have 
237 _ 237 xl0_ 2370 
’'^^'“1000 1000 x 10 10000 

Again, -0237= = = ^ x ^ 


= *2370. 


.^x.237. 


These effects are very different from the effects of affixing 
and prefixing ciphers to integers. 


Ex. XV. 

1. 5^press in figures the following : — 

(1) Three-tenths ; seven-tenths ; five hundredths ; sixty-six 
humlredths ; five and five hundredths ; six hundred and sixty 
and sixty-nine hundredths ; one hundred, and one hundredth. 

(2) One thousandth ; ninety-nine and nine thousandths ; 
one hundred and twenty-three and fiorty-five thousandths. 
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(3) One million, and one millionth ; five millions and fifty, 
and two thous.and and fifty-three millionths. 

2. Express in words the following ; — 

(1) -02; 1-03; 2M2; 10001; 20-0002. 

(2) 12.3-4.56; 7891 01112; 131.517. 

(3) -000001 ; -00000050 ; -00500. 

3. Convert the following decimals into vulgar fractions : — 

(1) -1 ; -12; 12-34; 5G7-8; -01. 

(2) -0001 ; -002 ; -03 ; 100-002. 

(3) 35-970; -00200; 12-321. 

4. Express as vulgar fi-actions in their lowest terns the 
following : — 

(1) -25 ; 2-5 ; -0025 ; -002500. 

(2) 56-64; 72-0028; 1-002. 

(3) -128; 17-28; -0032; 61-64. 

.5. Express as decimals : — 

n\ 1 ® . o L. < ® . o ® 

10 ’ TJ’ ^ 20 ’ ^40' 

11 .32109.6814.^^6 

^ ' 10000 ’ 1000 ’ 100 ' 30' 

12.345. 123456789. 100200 
500 ' 1000 lO ’ lOOOOO’ 

6. Multiply 

(1) -3 by 10,100, and 1000. 

(2) -003 by 10, 100,and 1000. 

(3) 20-00020 by 100 and 10000. 

(4) -156 by 10000 and 100000. 

(Sj. 20-200 by 10 and 100. 

7. Divide 

(1) -300 .by 100 and 100000, 

(2> 3-156 by 100 and 1000. 

(3) 3567-1 by 10000 and 10. 

(4) 08765-005 by 100 and 1000. 

(5) 3-141600 by 100 and 10000. 
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SECTION VIII. ADDITION OF DECIMALS. 


117. Rule. Place the numbers eo that units may be 
under units, tens undefr tens, &c., and tenths under tenths, 
hundredths under hundredths, &c. 

Commencing with the column of figures on the extreme right, 
add the numbers as in the Addition of integers, and in the 
Hum, place Lhe decimal point just below the line of decimal 
points above. 

Ex. Add together 237*008, 5*53298, *023 and 1*61001. 

Bv the Rule we have 237*008 

5*53298 

•023 

1*61001 

244*17399 


Reason for the Rule, Since in our Notation, there is a pro- 
gressive increase of local values tenfold at each step from right 
to left, the number of tern resulting from the addition of 
the intrinsic values of the figures in every column must 
be carried and added to the column to its left ; and the 
figure in the sum below each column will have the local 
value of that column. In other words, the addition is to be 
performed as in the case of integers, and the decimal point ia 
to be placed below the line of decimal points above. 

The reason for the Rule may be ako shewn thus 


237 - 008.23745 


237006 
1000 ‘ 


Similarly, 


„„„ 653298 
6-53298- joooOO' 


•023 


23 

1000 


;aad 1-61001 


161001 

100000 * 


Therefore the sum 


237008 653298 28 1610M 

1000 ■^rd0000'*'l(»0‘*’ 100000 

23700800 + 653298 + 2300 + 161001 
100000 


24417399 


244-17399. 


100000 
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Ex. XVI. 


1. Add together 

a) -12345, 1-2345, 12-.346, 123-45, and 1234 5. 

(2) 1000-1, 200-02,30-003, 4-0004, and -50005. 

(3) -000123, -0045, -067, -89, *10, and 11. 

(4> 123-4589, 1234-56789, and 12345-6789. 

(5) 27-0039, -00009, 1000, 556, and -00556. 

(6) 1-003, 40-0005, 600-00007, and 80000-000009. 

2. F'ind the sum of 

(1 ) Three-tenths ; seven hundredths ; seventeen thousandths ; 
and two hundred, and fifty-three millionths. 

(2) Fifty -five hundredths; sixty-six thousandths; and 
seventy-seven millionths. 

(3) One hundred and twenty thousandths ; one million, and 
one millionth ; and fifty thousand, and fifty thousandths. 

3. Find the value of 

(1) 200-003 + 123-789 + 88-009 + 35-005. 

(2) -0073 + -173 + 128-359 + 627-047. 

(3) 57-68 + 68-79 + 79-810 + 810-911. 

(4) -0047 + -00059 + 0000611 + -00000713. 

(5) 1200-3 + 567-27 + 827-447 + 1-2. 

(6) 55-55 + 66-66 + 77*77 + 88-88 + 99-99. 

SECTION IX, SUBTRACTION OF DECIMALS. 

118. Rule. Place the subtrahend below the minuend as 
in the Addition of decimals. 

Affix ciphers to the right of either decimal, if necessary, 
to make the number of decimal places the same in both. 

Then %perform the subtraction as in the case of integers, and 
place the decimal point in the difiference below the decimal 
point above. 

Ex. Subtrrfct 2-932 from 26*03 

By the Rale we have 


26-030 
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Reason for the Rule, The affixing of ciphers to the right 
does not alter the value of a decimal (Art. 116). The rest 
of the reason is the same as that given in the case of the 
Addition of decimals. 


The reason for the Rule may be also shewn thus : — 


26 03 - 2*932 


2603 ^ 2932 

■W^Togo 

26030 - 2932 23098 
TOOO 1000 
23098. 


Ex. XVII. 

1. Subtract 

(1) 1-23 from 45 6. (2) 23-46 from 67-89. 

(3) 13-3 from 15-27. (4) 29-02 from 30-30. 

(5) 41-0056 from 69-9. (6) 356-01 from 1000 0004. 

2. Find the difiference between 

(1) One and one-tenth. 

(2) Three and three hundredths. 

(3) One and one millionth. 

(4) One million and one millionth. 

(5) Seven and seven-tenths. 

(6) Nine-tenths and nine hundredths. 

3. Find the value of 
il) -0235 - -008795620. 

(2) -3- -00999. 

(3) 2-37-1-0047. 

(4) 53-008 + -6279 - 7-08, 

(5) 7-777 + 99-99 - 11-111. ' , 

(6) -1056 + 5600 - 6-600. 
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SECTION X. MULTIPLICATION OF DECIMALS. 

119. Rule. Multiply the numbers as if they were integers, 
aiui in the product, mark off a number of decimal places equal 
to the sum of the number of decimal places in the multiplicand 
and the number of decimal places in the multiplier, prefixing 
ciphers to the left, if necessary. 

Ex. 1. Multiply 67*51 by 2*06 

Rv the Rule we have 6751 

206 

40506 

13 ^ 0 _ 

1390706 

As the multiplicand has 2, and the multiplier, 2, decimal 
places, ill the product there will be 2 + 2 or 4 decimal places ; 
.-. the product is 139*0706. 

Ex. 2. Multiply *0027 by 15. 

Since 0027 regarded as an integer is the same as 27, we have 
27 
15 
135 
27 ’ 

405 


The number of decimal places in the product = 4 + 0 = 4; 
and we .*. prefix 1 cipher to 405 to make the number of decimal 
places 4 ; and the product required is *0405. 

The reason for the JRule will be seen below. 


Taking Ex. 1, we have 67*51 x 2*06 

_6751 ^ 206^6751 x 206 _ 1390706 
100 "^100 10000 lOOOo 

Next taking Ex. 2, we have *0027 x 15 


139*0706. 


27 

loooo 


xl5 


27x15 

10000 


405 

10000 


= 0406. 


These Example shew that to multiply decimals is the same 
thing as to multiply them as integers, and then mark off in the 
product a number of decimd places according to our Rule. 
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£x. 

XVIII. 

Multiply — 


a) 9-8 by 11-10. 

(2) 7-65 by 43-21. 

^3) -0023 by 2300. 

(4) 56 by -0056. 

(5) 357-701 by 3-003. 

(6) 4729-01 by 0076. 

Find the product of 



( 1 ) One million and one millionth. 

(2) Seven tenths and eight hundredths. 

(3) Oue hundred and one thousandth. 

(4) Sixty-seven and sixty-seven hundredths. 

(5) One hundred and fifty thousandths. 

(6) Three hundredths and six. 

3. Find the value of 

(1) 3*2 X 32 X -02 X *002. 

(2) 57-29 X 5-729 x -0006. 

(3) 127-358x359-009. 

(4) -00056 x -0067 x -00001. 

(5) -001 x200x3-30. 

(6) -127 X 450-054 x -09. 


SECTION XI. DIVISION OF DECIMALS. 

120. Rule. Perform the division as if the dividend and 
the divisor were integers. 

If the number of decimal places in the dividend equals that 
in the divisor, the quotient obtained will be the one required ; 
if it exceeds that in the divisor, mark off in the quotient a 
number of decimal places equal to the difference between the 
two, prefixing ciphers to the left if necessary ; and if it is 
less than the number of decimal places in the divisor, affix a 
number of ciphers to the right of the quotient equal to the 
difference between the two. 

If, when regarded as integers, the divisor exfceeds the divi- 
dend, or if the division does not terminate, then affix ciphers 
to the right of the dividend, and carry on the operation as 
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long as necessary, taking care, in pointing the quotient, 
to regard these ciphers as so many additional places of decimals 
in the dividend. 

Ex. 1. Divide 1*2 hy ‘025. 

By the Jlule we have (*.• 025 regarded as an integer is the 
same as 25) 

25) 12,00 (48 
100 
200 
200 

V'e put a comma to separate the additional ciphers affixed. 
ilcre tlie total number of decimal places in the dividend being 
3, i. the same as that in the divisor, the quotient required is 
48. 

Ex. 2. Divide *272 by 2*9 to 4 places of decimals in the 
quotient. 

By the Rule we have 

29) 272,00 (937 
261 
110 
87 
230 

27 


We need not carry on the division further, as we have now the 
number of decimal places in the quotient =5-1 = 4, the 
required number, and the quotient required is *0937.... 

The reason for the Rule will be seen below. 


Taking E4. 1, We have 1*2 *025 = 

12 1P00_12 11)00_ 12 xlOO ^ 1 

* fO ”25 25 ^ 10 25 100 


12 25 


10 • 1000 
1000 


10 


= 12x4 = 48. 


I 
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272 29 

Next, taking Ex. 2, we have ’272 -5- 2'9= -i- 

272 ^_272 10 _ 27200 ^ 1 ^ 10 

” 1000 ’' 29 ” 29 ’'1000 29 100 1000 

_ 27200 ^ 1 

29 ‘‘lOOOO’ 


Now 


27200 

29 


= 937. 


27200 ^ 1 

29 10000 


= 0937 


These Examples shew that in the Division of decimals, wo 
divide the numbers as if they were integers, affixing ciphers to 
the dividend if necessary, care being taken to place the deci 
mal point in the quotient according to our Rule. 


Ex. XIX. 


1. Divide 

(1) -5568 by 2-32. 

(3) 78-8977 by 29-33. 
(5) 78-78 by -0026. 

( 1 ) 1122-3333 by -99. 
(9) 2122-2 by -0018. 
(11) 33-363 by *00275. 


(2) 2-295 by -0135. 

(4) 66-4488 by 9 9. 
(6) -00624 by 2-08. 

(8) 121416-3 by -009, 
(10) 6-33 by -0025. 
(12) 94-5 by -225. 


2. Divide to four places of decimals 


(1) 247-943 by 13-3. 

(3) 78-007 by -0135. 

(5) 64-006 by 17 -6. 

•• (7) 22-25 by 23-8. 

(9) 136-002 by -121. 

3. Find the value of 


(2) 1616-17 by -0023. 

(4) -0023 by 6-69. 

(6) *0008 by 3-3. 

(8) -0025 by -009., 

(10) -007 by -00073. 
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Ill 


4. What number multiplied by -25 will produce 63 ? 

5. What number multiplied by -225 will produce 126 « 

6. What number multiplied by the quotient arising from 
the division of 12 by -075 will produce 13 ? 


SECTION XII. CONVEESION OF VULGAR FRACTIONS 
INTO DECIMALS. RECURRING DECIMALS. 

121. We have seen in Art. 112, how to convert a decimal 

into a vulgar fi-action. We have also seen in Art. 114 that sorn.! 
vulgar fractions can be converted into decimals cons’istin<r of a 
jinUe number of hgures, and othei-s cannot. We will now civp 
a general Uulc for the conversion of vulgar fractions into 
and where such conversion is exactly possible 

122. To convert a vulgar fraction into a decimal. 

Hole Having reduced the fraction to its lowest terms 
divide the numerator by the denominator as in the DivisioTof 
decuuals, alhxuig ciphers to the numerator, and cariwinc on tl e 
division as far as necessary. ^ ® 

Since a fraction denotes the quotient of the numerator bv 
the denominator, the reason for the Rale is evident ^ 

Ex. 1. Convert yf. iot® a decimal. 


By the Rule we have 


125) 2,000 (16 
125 
760 
750 


125 


= 016. 


The following mode will at once indicate the process and the 
reason for it. 


2 


2 _ 

125 5x5x5^ 

S 


.lOx 10x10 
' 10 * 


2 „5x2x6x2x6x2 


5x5x6 
2x 2 x2 X 2 

iOi ’ 


10 * 


• 016 . 
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Hero wo resolve the denominator into factors, and multiply 
the numerator and denominator by such a power of 10, as will 
enable us to cancel all these factoi*s, L e., as is divisible exactly 
by the denominator. 

3 

Ex. 2. Convert a decimal. 

Following the second mode, we have 
3 3 10 x 10x10 3x5x5 X 5 

80 10x2x2x2 10* 10* 

5 

Ex. 3. Convert into a decimal. 

lo 

By the Rule we have 18)5,0000(2777 

140 

126 

140 

126 

140 

126 

14 



123. Prop. I. A proper fraction in its lowest terms can 
be converted into a terminating decimal, only when the denom- 
inator is composed solely of the factors 2 and 5. 


For, the process for converting a fraction into a decimal, as 
W'e have seen in Art. 122, consists only in affixing ciphers to 
the numerator, ^. c., multiplying it by some power of 10, and 
after dividing the result by the denominator, marking off the 
proper number of decimal places in the quotient. And as, the 
fraction being in its lowest terms, the numerator and the de- 
nominator have no common factor, the divisio >3 will terminate 
and we shall have a terminating decimal, only when the denom- 
inator will divide this pow’er of 10 exactly, e. <?,, when the 
denominator consists solely of the factors 2 and 5, which are 
the only factors of which 10 and its powers are composed. 
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Prop. II. When the division of the numerator of a proper 
fraction, with ciphers affixed, by the denominator, does not 
terminate, the figures in the quotient must begin to recur 
before we have got a number of them equal to the number of 
units in the denominator. 

For, in carrying on the division, as we always bring down 
the same figure 0 from the dividend to constitute the successive 
partial dividends, these partial dividends, and therefore the 
figures in the quotient, will begin to recur as soon as we get a 
remainder equ^ to one of the former remainders. Now *.• 
every remainder must be less than the divisor, ^. e., the denom- 
inator, .'. the different possible remainders are l,2,&c., up to the 
integer next below the denominator : and . *. the number of 
different possible remainders = tJie denfmiifuUor minus unity. And 
•. ‘ the numerator, which forms with affixed ciphers the first par- 
tial dividend, is also less than the denominator, .*. before we have 
got a number of different partial dividends and a corresponding 
number of figures in the quotient, equal to the number of units 
in the denominator, one of the former partial dividends must 
recur, and thence the figures in the quotient will begin to recur. 

Thus take as examples i, 5, and 

We have 

I. 3)1 00 (-33 11. 7) 3-0000000 (-4285714 

2 ^ 

10 20 

JL 

1 60 
III. 370) 53-00000 (-14324 ^ 


370 

40 

1600 

35 

1480 

50 

1200 

49 

1110 

10 

"900 

7 

740 

30 

1600 

28 

1480 

2 

120 



8 
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In I, we see that the partial dividends recur from the fii’st, 
and the figures of the quotient are 33 

In II, the partial dividends recur, after we get all the 
possible different partial dividends, viz., 10, 20, 30, 40, 50, CO. 
in the order 30, 20, 60, 40, 50, 10, and the figures in the 
quotient recur after the sixth, viz., 1, in the order 4 2 &c. 

In III, the partial dividends recur after the fourth, 
and the figures in the quotient recur after the fourth in tlie 
order 432 <Scc., the first figure 1 not recurring at all. 

124. Defs. Non-terminating decimals in which the figures 
thus recur are called Recurring or Circulating Decimals. 

A circulating decimal is called Pure or Mixed according as 
its figures recur from the first or not. 

The set of recurring figures is called the Period or Repetenu. 

Thus, *333..., *428571428571428571...., are pure circulating 
decimals, and *1432432432...., *2777..., are mixed circulating 
decimals. 

125. Circulating decimals are written by writing the figniv.v 
only to the end of the first period, and putting dots over the 
first and the last figures of the period. 

Thus, *333... is written *3, 

*428571428571.,. ... *428571, 

*1432432 *1432, 

*277 *27. 

We now proceed to the converse process of converting re- 
curring decimals into vulgar fractions. 

126. To convert a pure circulating decimal^ into d vulgar 

fraction. , 

Rule. Write the period as the numerator ;Vid for the 
denominator write as many nines as there are fi^ires in the 
period; and then reduce the firaction to its lowest terms, if neces- 
sary. ^ 
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Ex* 1. Convert *3 into a vulgar fraction. 

By the Rule we have *3 = 

Ex. 2. Convert *428571 into a vulgar fraction. 

We have .428571 - = = = 4- 

Reason for the Rule, Take Ex. 2. 

Let the circulating decimal *428571428571.... be represent- 
ed by the symbol x. 

Then ' a- *428571428571... 

and 1000000 xx^ 1000000 x *428571428571... 

= 428571*42857142.... (Art 116, Prop. I); 
.*.1000000 X a; 428571*428571428571... 

-*428571428571..., 

e., 999999 X a; = 428571. 

Hence 

Here, the artifice employed is to multiply x and the cir- 
culating decimal by such a power of 10 as will make the 
first period an integer, and then to get rid of the non-term- 
inating part by subtraction. 

Next, take Ex. 1, and let x = *333 

Then *.* the period has only one figure 3, it will be made an 
integer by multiplication by 10 ; and we have 
10 xa?= 3*333 ; 

.*. 10xa7-a? = 3*333 

- *333 , 

or 9 xa?=3, 

and x^ 

127. To convert a mixed circulating decimal into a vulgar 
fraction, \ * • 

Rule. decimal down to the end of the first period, 

subtract the>Q^-recurring part, regarding both as int^ers, 
and write thOTemainder as the mmerator ; and for the denom- 
inator writ^is many nines as there are figures in the period, 
followed by as many dphers as there are figures in the non-re- 
curring p^. 
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Ex. Convert *1432 into a vulgar fraction. 


By the Rule we have *1432* 


1432— 1__ 1431 _ 159 
9990 9990 lllu 


Season for the Ride. 


53 

370 


Let ar* 1432432.... 


Then, employing the same artifice as in Art. 126, succes- 
sively to make the decimal to the end of the first period jiu 
integer, and the decimal to the end of the non-recurring part 
an integer, we have 

10000x^ = 1432-432..., 
and 10 X r * 1 *432432. . .. 

by subtraction 

9990 xr = 1431 


and 




1431 

9990* 


128. To perform accurately the fundamental operations with 
recurring decimals, we must reduce them to vulgar fractions, 
and then perform the operations with these last ; and then wo 
can reduce the resulting vulgar fraction to a decimal. 

We can however perform these operations approximately 
without reducing circulating decimals to vulgar fractions, as 
will be seen in the next Section. 


Ex. XX. 

1. Convert into decimals the following vulgar fractions : — 

(1) h h TV* 

(^) h Aj 

(^) h tA yVj-. 

W h h A and tIt* 

(5) Hi* ifj, and 

(^) iVV; -Afff? and f J, 
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2. Reduce the following vulgar fractions to decimals correct- 
ly to 5 places of decimals : — 

0) tV, A, tV, tV, and 
(^) If h h TT> and 

(^) T^f T7t iV» tVj and 

(4) fj, and 

i^) JI,IJ,lJ,and-S;. 

(^) 7^, 8J, and 

o. Reduce the following vulgar fractions to reccurring deci- 
muJs : — 

(^) h T’ TT> iif i2> and 
^3) tVj "Itjtjj and yV 

f"n ef* and y'^Y- * 

(4) •£•}•> Td** TiTSf and ^}, 
rTf ih Ifj and 
( 0 if Vfa? tVW and 

4. Convert the following decimals into vulgar fractions • 

(1) ’7, *89, -81, -93, and -123. 

(2) 5-78, 4-62, 2*37, and 9*17. 

(3) 1-36, 5-73, 6*28, and -7^ 

(4) -72, -83, -si, -8-5, and *67. 

(b) 02, -0032, -679, and -369. 

(6) -003, -003, -07, and ’065. 


SECTIt 

126. 
her before i' 
greater 
that after i 

130. 

ions, 4&C., 



APPROXI9CATE DECIMAL OPERATIONS. 

< read than, indicates that the niim« 
than that after it, and the symbol > read 
icates that the number before it is greater thau 


5 have seen in theory, what millions, billions, trill- 
) ; but in practice, we seldom have to deal with 
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iminbcrs above hundreds of millions. Thas, the population 
of India is about 200 millions; and that of the world 
is estimated at 1110 millions. The aniiuul revenue of all 
India is less than 60 crores or 600 millions of rupees. The 
mean distance of the Sun from the Earth is less than 96 
millions of miles. 

The higher •numbei’s, billions, tfec., are very large, indeed so 
very large, that we can not readily form aiiv adequate concej)- 
tiou of their magnitude. Thus, if it is asked, “How much will 
a trillion of grains of rice weigh T*, one who has never consider- 
ed the question may, considering the smallness of a j/rain of 
rice, answer that the weight will be a few maunds, or at the 
most, a few hundred maunds. But on a little consideration 
it will be found that, the w^eight is something much greater. 
For, 1 maund = 40 seers, and 1 seer- 80 tolas ; 1 maunds 

80 X 40 tolas = 3200 to]|is ; and on counting the number of 
grains contained in a quantity of rice weighing 1 tola, 
it will be found, that it never exceeds 1000, so that 
1 maund can never contain more than 3200 x 1000 or 3200000 
grains of rice ; and the number of maunds in one trillion of 
grains of rice wdll be at least equal to 3 -?-P.O- 2 .<Lo_»<>.ooo_o_opoj)^ 

1^ 0 0 0 0 0 0 0 0 0 000 ^ 31 2500000000, which is* " "an ° immense 
quantity. 

131. As numbers above millions are very large numbers, 
and seldom occur in practice, so numbers bclow' millionths are 
very small, and may be neglected in practice without any 
preciahle error in the results of most of our calculations. 
Thus, taking the ordinary unit of money, 1 rupee,y^th part 
of 1 rupee = pice which is < 1 pice ; . •. to o-Jwoo of 1 rupee 

Tou^ of 1 pice, i, e. ’000001 of 1 rupee < -0001 of 1 pice, 
which is almost inappreciable. Hence, in dealing with decimals, 
w’here a rupee is the unit, if we reject the decimal pljj,ce 3 after 
the 6th, we shall be rejecting what is almdUt inai^preciable. ^ 
And the same thing may be shewn of othei* vAiits. » Generally, 
if we carry on our operations correctly to 6 7 places of 

decimals, we shall have an approximation m^'cient for all 
practical purposes. 

We now proceed to give Rules for these approxiniate or con- 
tracted operations. 
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132. Notation. — Rule. Retain the decimal to the required 
number of places, increasing by 1 the last figure retained if 
the first figure rejected is greater than 4. 

Ex. Write *30579734 retaining only 5 places of -decimals 
so as to be approximately correct. 

By the Rule, increasing 9 by 1, we have 10 in the place of 9 
or 80 ill the place of 79 ; and the required decimal is *30580. 

Reason, *30580 - given decimal *30579734 = '00000266 ; 
and *30579734 - *30579 = *00000734. But -0000026^ 
< *00000734 j .*. *30580 is nearer to the given decimal 

than *30579. 

• 

133. Addition.— Rule. In each summand retain 2 or 3 
more figures than the required number, observing the Rule in 
Art. 132 ; perform the .addition, and then in the sum retain 
the requ,ired number of places. , 

The reason for the Rule will appear from a comparison of the 
contracted and full operations given below. 

Ex. Add together 2*53789637, 15 00785678, 20*000087654 
and *1000345678, correctly to 5 places of decimals. 


CmUrojCted form. 
2-5378964 


FvU form. 
2-537896 

37 

15-0078568 


15-007866 

78 

20-0000877 


20-000087 

654 

•1000346 

• 

•100034 

5678 

37-6458755 


37-645875 \ 3718 


.*. the sum required is 37*64587. 

134. Subtraction. — Rule. Retain 2 or 3 figures more than 
the reqifired number of places in the minuend and subtrahend, 
observin^^e Art. 132, and then perform the subtrac- 

tion, and in^hiffiSerence retain the required number of places. 

The reaso/^^r the Rule will appear below. 

Ex. S J)ixaot *0Q from so as to be correct to 5 places 
of decimap. « 
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Contracted form. Full form, {krt. 128.) 

•14 = 1444444 -14 =-^—^ = -1^ 

•06 = -0666667 • . 

•0777777 ■06-1% 


the difP. = -07777 


•14 - *06 = = 07 

^ ^ 90 90 90 

= •07777777.... 


135. MifLTiPLiCATiON. — BuLE. Under the multiplicand write 
the figures of the multiplier in the reverse order, placing the 
units’ figure below tjiat decimal place of the multiplicand to 
T^hidi the operation is to be carried. 

Multiply by each figure of the multiplier all the figures of 
the muhiplicand that are above and to the left of itself, neglect- 
ing figures .to its right except for the purpose of seeing what 
should be carried and whetha* the first figure in any partial 
product is to be increased by 1 according to Art. 132. 

Place the first figures of the several partial products in the 
same vertical line, add those products together, and in the sum 
mark off the required number of decimal places. 

The sum will be the product required, true or nearly true to 
the required number of places. 

The retjLson for Rule will appear from a comparison of the 
contracted and full forms of operation given below. It is based 
on the following considerations : — 


Units X units 

give units. 

Uhits X tenths 

.... tenths. 

Units X hundredths 

/ .... hundredtha 


.. «« Ac. 

Tens X units 

.... tens. 

"Tens X tenths 

.... units. t 

Tens X hundredths 

.... tentha 

Aa 

.... Ac. 

Tenths x unitS' 

.... tentha 

Tenths X tenths 

.... hundredtha 

Tenths X hundredths 

...• thcmsandtha 

V. Ac. 

Ac* 
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Ex. 1. Multiply 25*7056 by 18*6203* correctly to 4 places 
of decimals. 

Contracted form, t'ull form, 

25*7056 25-7056 


302681 

18-6203 

2570560 

77 

1168 

2056448 

5141 

120 

154234 

154233 

6 

5141 

2056448 


77 

257056 


478*6460. 

•478-64591 

8368 ' 


Explanation of tlie process. Above 1 there being no 
figure, we suppose a 0 supplied, vrhich does not alter the value 
of the multiplicand, and then we put do-wn 1 x 6, J x 5, &c., 
successively. In the next line we put the product by 8.^ In the 
third line, 6x6 =**36, from which we carry 3 and add it to 
6x5, thus getting 3S, and we then increase the 3 in the 
units' place of 33 by 1, since 6 the figure rejected 
is > 4 ; and thus we have 34 of which we put 4 below 
8, and then proceed on. In the next line, 2x5-10, so w^e 
carry 1, and add it to 2 x 0 or 0 .and put 1 below 4, and then 
proceed on. Similaiiy we get the last line. ‘If we look to the par- 
tial products in the contracted operation from below upwards, 
we see that they are the san^e as the cut off portions of the 
partial products in the full form from above downwards. 


Ex. 2. Multiply *3 by *16 correctly to 4 places of decimals. 
Contracted form. Full form. (Art. 128.) 

= 0*333333.... o 1 .1ft 

' ^3' 90“ “6^ 


•16 = 0*166666. 
Hence by the Rule 
we have 



•3 X -16 = 


1 1 
3*6 


_1 

18. 

•05 


6 

m 

•0555.... 
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136. Divisrox. — Kule. In the divisor, retain a nnni])er of 
figures equal to the required number of decimal places to- 
gether with the number of integral places which tlie quotient 
must coittain, and make tliis the new divisor; and in the divi- 
dend retain a number of figures that will contain this new 
divisor less than 10 times but not less than once. 

Having obtained the first figure of the quotient, to find the 
next figure, cut off the last figure of the new divisor, and re- 
gard the first remainder as the partial dividend. Having obtain- 
ed the second figure of the quotient, proceed to find its third 
figure in tffe same way ; and so on. 

In multiplying the divisor by each figure of. the quotient, 
take into account figures of the divisor that are cut off to see 
what should be carried. 

The reason for the Rule will appear from a comparison of the 
contracfed and full operations given below. 

Ex. 1. Divide 8‘G13452 by 7*35243 correctly to 4 places 
of decimals. 


Contracted form. 

Full form. 

7*3524,3) 8*6134,52 (,1*1715 

7*35243) 8*6134 52 (M715 

73524 

73524 3 

12610 

12610 22 

7352 

735243 

5258 

6267 790 

5147 

5146,701 

111 

lll|d890 

74 

735243 

37 

37 5'6470 

37 

36 76215 


Ex^. 2. Divide *16' by *3. 
" ^ontraxted form, 

•333) -1666 (.5 
1666 
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Ex. 3. Divide 9*0072 by *07 correctly to 2 places of deci- 
mals. 

Contracted form. 

•070707) 9*0072(127-3S 
707^7 
19305 
14UI 
5224 
4949 
275 
212 

6 

137. In approximate operations with terminating decimals, 
tlic Ilules in Arts. 132 to 13G should'alwaj's be followed. In the 
case of recurring decimals, it is advisable to cany on the 
operations after rediicing the decimals to vulgar fractions, as in 
this wav we sometimes get very simple results, as we see in 
Ex. 2 of Art. 13G. 

13S. AVo shall now’ compare vulgar fractions with decimals 
as regards their respective advantases and disadvantages. 

Advantages of the use of Vulgar Fractions, 

L Vulgar fractions occur to us more readily and naturally 
than the corresponding decimals. Thus J occurs to us more 
readily than or *5 ; more readily than *25 ; much more 
readily than *125 ; and there is no comparison between J and 
‘333..., ^ and *1666.,,, &c., in point of simplicity. 

II. By vulgar fractions, we can exactly express all fraction- 
al parts with a finite number of figures ; but this is not, possi- 
ble with\ecim.'^. Thus, the fractional part one-third can be 
expressed^ a jw4^r fraction by J, but as a decimal it will be 
expressed infwitum, 

AdwmtagJ of Jblie use of Decimals, 

I. Th^iotation of decimals being only an extension of the 
Common System of Notation, is far moii'e simple and convenient 
than the/iotation of vulgar fractions. 


Full form. 

^ 90072 99 
The quotient x-_ 

^ 10000 7 

' _891*7128 

" 7 

= 127-387... 
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Though ve cannot express some vulgar fractions acrn- 
ratdy except by an infinite number of decimal places, yet by 
taking a sufficient number of these places, we can express them 
by <m approximation, mffideni for aM praeticai purposeg. 

11. The fundamental operations are performed in the case 
of decimals far mpie easily than in the case of vulgar fractions. 
Further, as the student will hereafter see, decimals are incom- 
parably better adapted fur Logarithmic computation than 
vulgar fjnetious. ' 


Ex. XXL 

1. Write the following decimals retaining only 5 places of 
decimals, so as to be approximately correct ; — 

(1) -06254678 ; -12.3456789 ; -987654321. 

(2) -135791113 ; -24681012 ; -5115253. 

(3) -8642867 ; -13934771 ; -72336872. 

(4) -273; -0273; -0923. 

2. Find the value (correct to 5 places of decimals) of 

(1) 12-3456789 -t 23-4567891 + 34-5678912. 

(2) -0036912 + -03691215 -t -396121518. 

(3) 3-3 + 2-57 + 1-5247 -t-oi 

(4) -345 + -45 + 6-81 +56-056. 

(5) 12-345- -027 + 72 --12i 

(6) 9-95 +6-38- 1-16 -11-ffi 
XT) 12-3456789 - 9-87654321 

(8) 13-5791113x24-681012. 

(9) 5-19152925 x 39-354945. 

(10) -.8 X 4; 2-27 X -13; -15 X -21. 

an -247x,-5;2-22x-18;2-4x5, 

<12) -2x4; l-4x2-5; 6.7x9'8. 
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(1 3) 1 234-56789 + 987-654321. 

(14) 357-9113 -r 246-81912. 

(1.5) •3.r6; -6.5-3; -16-5-9; 15-5- -3. 

Miscellakeods Questions and Examples. 


1 39. In working out Examples in decimals, the remarks iii 
Arts. 76 and 77 should be borne in mind. 

Ex. 1. Simplify - I' .I- — +B. 


5 ^ 1 - 


•3 


The given expression 


_-l-t-016 . .*^_T^Vii + 25 

" 4 - 2 ' 

_ 116 3 12 125 

“ 1000 ** 29 2 1000 10 


= -012 -t 12-5 = 12-512. 


Ex. 2. What decimal added to ^ 1 + *4 + *5 will make 
the sum equal to 6 ? 

By the question, 

the decimal required = 6 - (^ + + *4 + *5) expressed as 
decimal. 

Now6-0J-ti-t-4-h-5) = 6- (1 + 1) 


= 6 - 


«6- 


52 

30 

26 

io 


64 

15 


«4-26; 

4-26 'j/the decimal required. 

^ 111 
Ex. 3. ‘/Find the value of 1 + t + 1 — 5 + 1 — o — h + ^ ^ 

11x21x2x0 

places of decimals. 
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We have 1 = 1 

—-■5 

1x2“-^ 

5 = -1666666.. 
1x2x3 

— o—Q — T=* *0416666. 
1 X 2 X o X 4 

i" ■ Q Q 4 K ” *0083333. . 
1 x2x3x4x5 

, O K r = 0013888. 

1 x2x3x4x5x6 

1 X 2 x 3 X 4 X 5 X 6 X 7 ~ *0001984.. 

1 x2x3x4x5x6x7x8 “ ’0^00248. . 

Ix2’'3x4x5x6x7x8x9* '0^^0027., 

1x2x3x4x5x6x7x8x9x10“ 0000002., 

&c. = &c. 


* . the sum » 2*7182814 ; 

and .*. the value required => 2*71828 ^ 

Here, to ensure accuracy we retain 7..pl^s of decimals 
(i . e., 2 more than the number required) in Athj^ values of 

the several fractions, and we stop after X-l 

1 X 2 X 3 ,^ X 10 

as the first seven figures in the values of all the succeeding 
fractions will be zeros. 
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Ex. XXII. 

1 . 

1. What is a Decimal Fraction, and why is it so called 1 

Shew that the ordinary Notation of decimals is an extension 

of the Common System of Notation. 

2. Shew how to convert a decimal into a vulgar fraction. 

Convert *0325 into a vulgar fiuction in its lowest terms. 

3. Shew that a decimal is multiplied or divided by any power 
of 10 by removing the decimal point to the right or to the left 
a number of places equal to the index of the power. 

Find the value of l^^-OOSS x W _ ^ ^ 

10 * 

4. Convert the value of into a decimal. 

5. A number being multiplied by 1000 has 2 places of deci- 
mals in the product. How many places of decimals had it 
originally 1 

6. A number being divided by 10* has 6 places of decimals 
in the quotient. Find the number of decimal places in the 
dividend. 

II. 

1. State the Rule for the Addition of decimals. 

Add together 3*25, -0928, -0013, and 5'031. 

2. Give the reason for the Rule for the Subtraction of deci- 
mals. 

Find the difference between 

•1234 + 1-234 + 12-34 + 123-4 
and 1234 + 1234 + 1234 + 1234. 

3. Find the value of 

lOOOr- -0001 ^ 1-000 - -100000. 

4. Point out ^e effects of afi&xing and prefixing ciphers to a 
decimal. 0 

Find the difference between -375 and *0375, And between 
•003750 and -00376. . 
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5. A person owns f of an estate, and he subsequently pur- 
cliases *24 of the same. What decimal of tlie whole estate does 
he now possess, and what decimal of it must be dispose of, that 
he may have exactly half of the estate left for himself? 

6. Find the sum of the sum and the difference of “2357 and 
2-357 without actually performing the operations of Addition 
and Subtraction. 

III. 

1. Give the reason for the Rule for the Multiplication of dec- 
imals. 

Multiply ‘035 by 5*23, and find the difference between the 
result obtained and the product of 523 and 35. 

2. The sum of the ages of two boys is 15 years, and the 
age of one of them is ‘5 of the other. What is the age of 
each ? 

3. The greater of two numbers is 1*75 times the less, and 
their difference is equal to *54 -r *09. Find the numbers. 

4. A gentleman spends a certain sum in the first week of 
a month ; 1 *5 times that sum in the second week ; and in the 
third week, 2*16 times the amount spent in the first two weeks 
together; and he finds that he has altogether spent 790 rupees. 
How much did he spend in each week ? 

5. Find the value of , 

6. Divide 1500 nipees amongst three persons A, B, and (7, 
in such a manner that £ may get *35 of what A gets, and C, 
^ of what B receives. 

IV. 

1. -State the Rule for the Division of decimals. Divide 
6*35 by 25, 2*5, and *0025. 

2. What number must be multiplied by ‘ *023 to produce 

1610? ' t 

3. What number must be divided by *029 to produce 1*6 ? 

4. Find the greatest and the least of the i^llowing three 

numbers : 

•5 X *02 ; *25 x *10 ; and 1*05 21. • 
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5. Find the value of 

i+ioi *264 X -05 + *625 -f i - ‘OOQl. 

6. What decimal of 2*75 is the number 2*2? 

V. 

1. What is the Recurring Decimal, and why is it so c-alled? 

Shew hew to convert a recurring decimal into a vulgar frac- 
tion. 

2. Shew that when a vulgar fraction cannot be converted 
into a terminating decimal, the figures of the decimal must 
recur. 

2 

Convert — into a decimal. 


3. Is the system of notation for decimal fractions sufficient 
for the expression of all fractions ? 

Shew that the only vulgar fractions that can be converted 
into terminatin'^ decimals are those in which the denominators 
are composed exclusively of the factors 2 and 5. 


15 

Can the fraction — ^ be converted into a terminating deci- 
7G8 


mal 1 


4. Multiply *279 by *45 and divide the result by *31. 

5. Shew that the decimal 3*1416 lies between^ and 

6. Convert *378 and *527 into vulgar fractions, and - and 


into decimals. 

16 


’ VL 

1. Find the vdlue* (correct to 4 places of decimals) of 

1 1^1 1 . t.. 

2" 3x2^* 6x2»“ 

1 1 . 1 - 1 , A_ 

■^3 "3x3* ■*'6>'3» "7x3» 


9 * 
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2. Explain clearly how the operations of Addition and 
Subtraction may be performed with recurring decimals, with- 
out converting them into vulgar fractious, so as to give results 
that are approximately correct. 

Find the value of 

•3 + -38 -027 + 7*8 -2-5. 

3. Find the value of 

^ 2no sTio* 4n^ 

correctly to 5 places of decimals. 

4. The first of three numbers is *3 of the second, and the 

second, *4 of the third ; and their sum is 43, Find the numbers 

5. Find the value of 

— +— 1_ — +&C, J- 

\5 3x5® 5x5® 7x5^ j 

1 11 1 
239 "3x239® 5 x239® " 7 x 239^ “ 

correctly to 4 places of decimals. 

6. Express i + i + T + y + i + decimal correctly 

to 5 places of decimals. 
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CHAPTER III. 

THE FUNDAMENTAL OPERATIONS WITH CONCRETE 
INTEGERS. 

SECTION I. TABLES OP MONEY, WEIGHTS, AND MEASUEES. 

140. We have hitherto considered our operations with re- 
gard to abstract numbers, or concrete numbers of one denomina- 
tion only. But we have also to deal with concrete numbers of 
rliilbrent denominations. Thus, we may be required to add 
together several sums of money, each consisting of rupees, annas, 
and pies ; or we may have to find the difierence between two 
sums each consisting of rupees, annas, and pies ; and so on. 

141. The different kinds of concrete numbers which occur 
in Arithmetic are those expressing Values of Money, W'eights of 
Substances, and Measures of Length, of Surface, of Solidity, of 
Capacity, of Angular Magnitudes, of Number, and of Time. For 
the numerical representation of quantities of each of these 
difltrent kinds, a certain quantity of the same kind is taken as 
the unit of the highest denomination, so that any given quan- 
tity would be represented by the number indicating the num- 
ber of times that it contains the unit of the same kind ; and 
the unit of each kind is divided and subdivided into units of 
lower denominations, the object being to enable us to express 
quantities in integers of different denominations. Thus, suppose 
we have to express numerically the length of a line which con- 
tains the linear unit 1 foot 5 times together with J of a time ; 
the whole length expressed in feet will be represented by the 
mixed number 5^ ; and if we divide the length of 1 foot into 
12 equal parts, and call each part an inch, the fraction | of a 
foot will be represented by the integer 6 inchesy and the whole 
length, by 5 feet 6 ipches. 

The unit ad()pted in each case and its successive divisions 
and subdivisions, are purely conventional, and are different 
in different countries ; though some pounds of convenience 
must form the basis of these conventions. 
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We subjoin the ordinary English and Indian Tables connect- 
ing the units of different denominations for each of the above 
kinds of concrete quantity, with short remarks on each. 

ENGLISH TABLES. 

Table of Monet. 

142. In this Table, the different units are connected 
thus : — 

4 Farthings make 1 Penny written Id, 

12 Pence 1 Shilling I 5 . 

20 Shillings 1 Pound £\, 

The symbols £, s, d, and q (the former symbol for a far- 
thing) are the initials of the words libra, solidus^ denarius^ 
and quadransy Latin names of certain Roman coins or sums of 
money. The symbol q is not now in common use, the fractions 
and annexed to pence, representing 1, 2, and 3 farthings 
respectively. 

The following are the coins now current in England : — 
Copper Coins, 

A Farthing, the coin of least value, 

A Half-penny 2 Farthings. 

A Penny =?=4 Farthings. 

Silver Coins, 

A Threepenny-piece =3(f. 

A Fourpenny-piece ^ 4c?. 


A Sixpence =6c?. 

A Shilling s=12cf. 

A Florin = 2«. 

A Half-Crown «= 2a. 6c?. 

* A Crown »5a. 

Gold Coins, 

A Half-sovereign * 10a. 

A Sovereign * 20a. 


The following are some of the old English coins which are not 
now in use 
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Silver Coins. 

A Groat ' * id, 

A Tester = Gd, 


A Noble 
An Angel 
A Half guinea 
A Mark or Merk 
A Guinea 
A Carolus 
A Jacobus 
A Moidore 


Gold corns, 

£, s, d. 

0 6 8 . 

0 10 0 . 

0 10 6 . 

0 13 4. 

1 1 0 . 

1 3 0. 

1 5 0. 

17 0 . 


The standard of gold coin in England is 22 parts of pure gold 
and 2 parts of copper melted together. Each of these 24 parts 
is termed a carat, and the standard gold is said to be 22 carats 
hue. The weight of a Sovereign « rfw 1 pound Troy. 
(See Art. 143.) 

The standard of silver coin is 37 parts of pure silver and 3 
parts of copper. The weight of a shilling = Ve of 1 pound 
Troy. The weight of a penny = ih of 1 pound Avoirdupois. 
(See Art. 145.) 

In England, the copper coinage is not a le§fal tetider for more 
than I2d,; nor is the silver coinage for more than 40$.; the 
gold coinage being a le^al tender for all amounts. 


Table of Troy Weight. 

143. The name of this Table is derived by some from Troyes 
a city in France, and by others from Troynovant a name for 
London. It is used in weighing gold, silver, and other costly 
articles, and also iu philosophical investigations. 

In this Table^ 

24 Grain^ (grs.) make 1 Pennyweight 1 dwt. 

20 Penyy weights .... 1 Ounce 1 oz. 

12 Ounces .... 1 Pound 1 lb. orR. 

Diamonds and other precious stones are weighed by carats, 
each carat weighing 3| grains. 
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Table of Apothecabies’ Weight. 

144. In this Table which is used in weighing medicines, 

20 Grains (grs.) make 1 Scruple .... 1 sc. or ^i 

3 Scruples .... 1 Dram .... 1 dr. or 5i 

8 Drains .... 1 Ounce .... 1 oz. or 

12 Ounces .... 1 Pound .... 1 lb. or R). 

In this Table, the pound, and consequently the ounce and 
the grain, are the same as in Troy Weight. 

Table op Avoibdupois Weight. 

145. The word Avoirdupois is derived from Avoirs (goods) 
and Folds (weight). Avoirdupois weight is used in weighing 
all heavy and coarse articles. 

In this Table, 

16 Drams make 1 Ounce .... 1 oz. 

16 Ounces .... 1 Pound .... 1 lb. 

28 Pounds .... 1 Quarter.... 1 qr. 

4 Quarters .... 1 Hundredweight .... 1 cwt. 

20 Hundredweights .... 1 Ton .... 1 Ton. 

1 Stone of meat or fish == 8 lbs. 

1 Stone (generally) =14 lbs. 

1 Firkin of Butter «= 56 lbs. 

1 Fodder of Lead =19^ cwt. 

1 Pack of Wool = 240 lbs. 

1 lb. Avoirdupois =7000 grs. Troy. 

1 lb. Troy « 5760 grs. Troy. 

I lb. Avoirdupois = fi«. Troy = ^of Ift. Troy. 

Table of Lineal Measure. 

146. In this measure, used in measuring distances, lengths, 
breadths, and the like, 


"" 3 B^leycoms 

make 1 Inch 

f,, 1 in. 

12 Inches 

... 1 Foot 

I ft. 

3 Feet 

... 1 Yard 

' 1 yd. 

5^ Yards 

... 1 Rod, Pole or Perch' 1 no. 

40 Poles 

... 1 Furlong ... 

... t 1 fur. 

8 Furlongs 

... 1 Mile 

... 1 m. 

3 Miles 

... 1 League ... 

... 1 lea. 

69 Miles 

... 1 Degree ... 

1 dag. or 1“. 
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4 Inches 
22 Yards 
100 Links 


make 1 Hand (used in measuring horses) 
... 1 Chain [ . 

... 1 Chain/' 


.land) 


1 Palm = 3 in., 1 Span = 9 in., 1 Cubit =18 in. 

1 Pace = 5 ft., 1 Geographical Mile = gV^h of a degree. 
1 Lino = yVth of an inch. 

1 Mile = 1760 yards. 

Table of Cloth Measure. 


147. In this measure, 

2^ Inches make 

4 Nails 

4 Quarters 

5 Quarters 

6 Quarters 
3 Quarters 


1 NaiL 

1 Quarter ... 
1 Yard 

1 English Ell, 
1 French EIL 
1 Flemish Ell. 


1 qr. 
1yd. 


Table op Superficial or Square Measure. 


148. In this measure, 'which is used in measuring areas, the 
units of the first four denominations, viz,^ the Square Inch, the 
Square Foot, the Square Yard, and the Square Pole, are areas en- 
closed 1^ squares having for their sides an Incli, a Foot,a Yard 
and a Pole of lineal measure; and as the lineal inch, foot, &c., 
have already got with one another the conventional relations 
given in Art. 146, the square inch, square foot, &c., must 
have with one another, certain relations which are not conven- 
tional but necessary. We must find out these relations before 
we give the Table. 


To find the relation between a 
yard, take ABCD to represent a 
square yard, so that A B = A D = 
1 lineal yard;* and divide A B, 
A D each into id e^ual parts like 
A1), Ad; then ^h of these parts 
= 1 foot. Draw lines horizontally 
and vertically as in the figure ; 
then each little square is 1 square 
foot. 


square 

D 


foot and a 


square 

C 


E 
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Thus the no. of sq. feet in 1 sq.yard 

= small squares in the large square 

= horizontal rows like A B E d 

x small squares in each row 

= 3x3 = 9. 

Similarly it may he shewn that the number of sq. inches in 
1 sq. foot 12 X 12 ; so on. 

Our Table will therefore run thus : — 


144 Square Inches make 1 Square Foot ... 1 sq. ft. 

9 Square Feet ... 1 Square Yard ... 1 sq. yd. 

30i Square Yards ... 1 Square Pole ... 1 sq. po. 

40 Square Poles ... 1 Rood ... 1 ro. 

4 Roods ... 1 Acre ... 1 ac. 


1 Ac. = 4 roods = 4 x 40 sq. poles 
= 4 X 40 X 30i sq. yds. 

=* 4840 sq. yds. 

1 Sq. Chain*: (22 x 22) sq. yds. 

= 484 sq. yds. 

Hence 10 Sq. Chains = 1 ac. 

1 Sq. Mile = 1760 x 1760 sq. yds. = 640 acres. 

A Rod of Brickwork = 272^ sq. ft. 

A Square of Flooring « 100 sq. ft. 

A Yard of Land = 30 ac. 

A Hide of Land = 100 ac. 

Ttffo square feet = twice the area of one square foot, but two 
feet square ^Bxea enclosed by a square having two feet for its 
side = 2 X 2 or 4 square feet. This distinction should be borne 
in mind. 


Table of Solid or Cubic Measure. 

149. In this measure, which is used in measuring volumes, 
the successive units viz. the Cubic Inch, the Cubic Foot, and 
the Cubic Yard, are cubes having for their ed^es the lineal 
Inch, Foot, and Yard, respectively. Therefore, for the same 
reason as in Art. 148, the cubic inch, cUbic fooi and cubic 
yard must have with one another certain necessary relations, 
which may be ascertained thus : — 
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cubic yard, then A B = 


Let the annexed figure represent a 
AC = AD = 1 linealyd., and 
the face ABEC is a sq. yd. 
containing, as in the figure, 

9 sq. feet. Through the lines 
of division of ABEC, draw 
planes parallel to ACFD, 
and CEGF ; then these 
planes by their intersection 
will divide the cube into 9 
equal solid figures each 
standing on one of the 9 
squares in ACEB. If now 
we draAv through K and L 
(tlie points which divide AB into 3 equal parts) planes 
parallel to ABEC, we shall have each of these 9 solids divided 
into 3 small cubes, each of which is a cubic foot ; and thus in a 
cubic yard there are altogether 3 x 9 or 27 cubic feet. 

Similarly a cubic foot® 12 x 12 x 12 or 1728 cubic inches. 
Our Table will therefore stand thus: — 


/ 


Bl 


F 

1 

\ 1 • 

V 4 \ y 



\ 5 

\j 

3 \ e \ 



1728 Cubic Inches make 1 Cubic Foot ... 1 cub. ft. 

27 Cubic Feet .... 1 Cubic Yard ... 1 cub. yd. 

A Load of Rough Timber ® 40 cub. ft. 

A Load of Squared Timber == 50 cub. ft. 

A Ton of Shipping ®42 cub. ft. 


Table op Wine Measure. 

150. In this measure by which wines and all liquids except 
malt liquors and water are measured, 


4 Gills 

make 1 Pint ... 

1 pt. 

2 Pints 

1 Quart ... 

1 qt. 

4 Quarts 

1 Gallon... 

1 gal. 

10 Gallons • 

1 Anker ... 

1 ank. 

18 Gallons • 

1 Runlet... 

1 run. 

42 GaUons;.' 

1 Tierce ... 

1 tier. 

2 Tierc^ 

1 Puncheon 

1 pun. 

63 Gallons 

1 Hogshead 

1 hhd. 

2 Hogsheads 

1 Pipe ... 

1 pipe. 

2 Pipes 

1 Tun 

1 tun. 
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Table of Ale and Beer Measure. 

151. Ill this measure used in measuring malt liqu 
water, 


2 Pints 

make 1 Quart ... 

1 qt. 

4 Quarts 

... 1 Gallon... 

1 gaL 

9 Gallons 

... 1 Firkin... 

1 fir. 

2 Firkins 

... 1 Kilderkin 

1 kiL 

2 Kilderkins 

... I Barrel... 

1 bar. 

li Barrels or 54 Gallons... 1 Hogshead 

1 hhd. 

2 Hogsheads 

... 1 Butt 

1 butt 

2 Butts 

... 1 Tun 

1 tun. 

Table 

OF Corn or Dry Measure. 

In this measure, 


2 Quarts 

make 1 Pottle ... 1 

pot. 

2 Pottles 

... 1 Gallon ... 1 

gal 

2 Gallons 

... 1 Peck ... 1 

pk. 

4 Pecks 

... 1 Bushel ... 1 

bus. 

2 Bushels 

... 1 Strike ... 1 

tftr. 

2 Strikes 

... 1 Coomb ... 1 

coomb. 

2 Coombs 

... 1 Quarter ... 1 

qr. 

5 Quarters 

... 1 Load ... 1 

load. 

2 Loads 

... 1 Last ... 1 

last. 


Table op Coal Measure. 

153. In this measure used in measuring coals, lime, Ac., 

4 Pecks make 1 Bushel. 

3 Bushels ... 1 Sack. 

12 Sacks ... 1 Chaldron. 

" Table op Angular Measure. 

154. The circumference of eveiy circle is. supposed to be 
divided into 360 equal parts, each of which is c^ed a degree. 
The degree and its subdivisions axe coigiected thus : — 

60 Seconds make 1 minute ... V. 

60 Minutes ... 1 Degree ... 1®. 

1 Second is written I''. 
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Table op Number. 

155. 12 Units ... make 1 Dozen. 

12 Dozen ... 1 Gross. 

20 Units ... 1 Score. 

120 Units ... 1 Long Hundred. 

24 Sheets of Paper... 1 Quire. 

20 Quires ... 1 Ream. 

10 Reams ... 1 Bale. 

Table of Time. 

156. CO Seconds ... make 1 Minute ... 1' 

60 Minutes ... 1 Hour ... 1 hr. 

24 Hours ... 1 Day ... 1 day 

7 Days ... 1 Week ... 1 wL 

1 Second is written 1". 

A year is divided into 12 parts called Calendar Months, 
each containing a certain number of days as given in the 
following lines : — 

Thirty days have September, 

April, June, and November : 

February has twenty-eight alone. 

And all the rest have thirty-one : 

But leap-year coming once in four, 

Februaiy then has one day more. 

The time from one vernal equinox to another, that is the solar 
year, consists of 365*242218 mean solar days; the ordinary 
year of 365 mean solar days differs therefore from the solar 
year by*242218 or nearly | of a day; and in 4 years this differ- 
ence would nearly amount to a day. To prevent this m*or, 
Julius Osesor introduced a method of correction by which every 
fourth year called a Leap or Bissextile year is made to consul 
of 366 days, an ep,ra, day, called the Intercalary day, being 
added to the month of Februaiy. 

Thus, the average Julian year-> 365*25 days; 
but the solar year 365*242218 days 

.*. the diferenca *007782 of a day ; 

and this difference in 400 years would amount to 400 k *007782 
or 3*1128 days ; that i^, if in any year, the equinox faU on a 
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certain day, 400 years after that year, it will fall 3 days earlier, 
and 1257 years after, it will fall 1257 x *007782 or 9*781974 
days, e., nearly 10 days earlier, according to the Julian 
Calendar. This in fact was what was actually observed 
in the year 1582 of the Christian Era; for whereas in the 
year 325, the year of the Council of Nice, the vernal equinox 
fell on the 21st of March, in the year 1582, or 1257 years 
after, it fell on the 11th of March. I’o correct this error. Pope 
Gregory^ XIII caused 10 days to be omitted in that year, making 
the 15th of October follow the 4th ; and to prevent the recur- 
rence of this eiTor in future, he ordered that in every 400 years, 
three of the Julian leap years should be regarded as ordinary 
years, viz,, those which completec enturies, the numbers express- 
ing which centuries are not multiples of 4 : thus, in the 
Gregorian or New Style, 1700,1800, and 1900, are not leap 
years, but 1600, and 2000 are. 

In England, the New Style was adopted on the 2nd of Sep- 
tember 1752 when the error amounted to 11 days. 

157. An Act of Parliament ‘‘ For Ascertaining and 
Establishing Uniformity of Weights and Measures” came 
into operation on the 1st of January 1826; enacting. 

First: That the hrcisB Standard Yard of 1760, then in the 
custody of the Clerk of the House of Commons, shall be the 
Imperial Standard Yard (the brass being at the temperature 
of 62° by FahreiiheiPs thermometer') ; and that it shall be 
the only standard measure of extension wherefrom all others 
are to be deduced ; and that the ^th part of this yard shall 
be an inch. 

Now the length of the pendulum vibrating seconds in the 
latitude of London in a vacuum, and at the level of the sea, is 
folind to be 39*1393 such inches. This affords the means of 
recovering the Standard Yard should it be lost. 

Secondly : That the hrcbss weight of one Pound Troy of 1758, 
then in the custody of the same officer, shall be, the Standard 
Measure of Weight, and that the ^ ^ ^ t h part of it shall be a 
grain, and that 7000 such grains ^aJl be contained in one 
Found Avoirdupois, 
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Now the weight of a cubic inch of distilled water is 252 ‘458 
grains Troy, the barometer being at 30 inches and the thermo- 
meter at 62°. This affords the means of recovering the 
Imperial Standard Pound if it be lost. 

Thirdly : That the Standard Measure of Capacity shall be 
the Imperial Standard Gallon containing 10 Pounds Avoirdupois 
weight of distilled water, the barometer being at 30 inches and 
the thermometer at 62°. 

Now this weight fills 277’274 cub. in. and thus the Imperial 
Standard Gallon contains 277*274 cub. in. 

158. An Act of Parliament was passed in 1864, legalizing 
the use of the Metric System of Weights and Measures. 

In this system, the several Tables run thus ; — 

I. Money. 1 Franc (the imit) = about 9|(i. 

10 Centimes (c.) make 1 Decime. 

10 Decimes 1 Franc. 

II. Weight. 1 Gram (the unit) = 15*4323487 gi-s. 

10 Milligrams make 1 Centigram. 

10 Centigrams ... 1 Decigram, 

10 Decigrams ... 1 Gram. 

10 Grams 1 Dekagram. 

10 Dekagrams ... 1 Hectogram. 

10 Hectograms ... 1 Kilogram ( = 2-^- lbs. 

Avoir, nearly). 

10 Kilograms 1 Myriagram. 

III. Length. 1 Metre (the unit) = 39*3708 inches. 

10 Millimetres make 1 Centimetre. 

10|Centimetres Decimetre. 

10 Decimetres Metre. 

1 0* Metres . . . Dekametre. 

K) Dekametres Hectometre. 

»10 Hectometres .Kilometre (= mil© 

nearly). 

10 Kilometres 1 Myriametre. 
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IV. SoRFACE. 1 Are (the unit) = 100 sq. metres. 

= 119-6033 sq. yds. 

10 Centiares make 1 Declare. 

10 Declares ... 1 Are. 

10 Ares ... 1 Dekare. 

10 Dekarcs ... 1 Hectare. 

V. Solidity. 1 Stere (the unit) = 1 cub. metre 

= 35-317 cub. ft. 

10 Decisterea make 1 Stere. 

10 Steres ... 1 Dekastere. 

VI. Capacity. 1 LiTRE(the unit) = part of 1 cub. metre 

= 1-76077 pints. 

10 Centilitres make 1 Decilitre. 

10 Decilitres ... 1 Litre. 

10 Litres ... 1 Dekalitre. 

10 Dekalitres ... 1 Hectolitre. 

10 Hectolitres ... 1 Kilolitre. 

It will be observed that the several multiples and submiil- 
tiples of the unit in each of the foregoing Tables, results from 
the multiplication and division of the unit by powers of 10. 

INDIAN. TABLES. 

Table of Money. 

159. In this Table, 

3 Pies ... ... ... make 1 Pice. 

12 Pies or 4 Pice ... ... ... 1 Anna. 

16 Annas ... ... ... ... 1 Rupee 

15 Sicca Rupees=16 current Rupees. 

The following are the coins now in use. 

Copper Coins, 

A Pie. 

A Half pice. i 

A Picei 

A Double pice. 
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Silver Cvint. 

A Two-anna piece. 

A Four-anna piece. 

A Half rupee. 

A Kupee. 

The following are the only Oold Coins 
allowed to be coined under the Indian Coinage Act 1870 : — 

A Five-rupee piece. 

A Ten-rupee piece. 

A Gold Mohur or Fifteen-rupee piece. 

A Double Gk>ld Mohtur or Thirty rupee piece. 

The gold mohur weighs 180 grs. Troy and consists of 11 
parts of pure gold and 1 part of alloy. The other gold coins 
are of the same fineness^ and their weights are proportional to 
their values 

The rupee weighs 180 grs. Troy and consists of 11 parts 
of pure silver and 1 part of alloy. 

The other silver coins are of the same fineness and of pro- 
portionate weight. 

The double pice weighs 200 grs. Troy The other copper 
coins are of proportionate weight. 

Under the Indian Coinage Act (Act XXIII of 1870) now in 
force, the gold coinage is not a legal tender ; the rupee and the 
half mpee are a leg^ tenjler for any amount ; and the copper 
and the other silver coins are a legal tender only for fractions 
of a rupee. 

Approximately, 1 rupee>-2 diilling^ But the exact value of 
a rupee at any time depends upon the course of exchange be- 
tween England and India. 

The foUmring Table is used mkeq>ing accounts in Bengali 
4 Cowries make 1 Ganda. 

d GandaS ... 1 Bun. 

• SO.Oandas ^ ' ...1 Pan. 

4 Pans ‘ ... 1 Oiank. 
jIGhauks ...IKahaiL 

1 Cowri«i3 KtantB«i4 Eags^V Dips«*6 Dantis* 
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None of these denominations is the name of any actual 
coin ; but the ^ahau stands for 1 rupee, the ohauk for 4 annas, 
and the pan for 1 anna. 

The notation used in Bengali accounts is peculiar. The 
kahans are represented by the ordinary numerals, 1 ckauh y 
the vertical stroke I o, 2 and 3 r7*a44feby|o, and Mo, 

1 pan by the oblique stroke /o and 2 pans and 3 pans «/o 
and tJo. Generally, in Bengali, if units of any denomination are 
represented by the ordinary numerals, their quarters are repre- 
sented by |o. Ho and Mo and the quarters of these quarters by 
/o, Jo and 

Besides the theoretical cowries in the above Table, there 
are cowries or shells in actual use in the Ben^l bazar for e 
payment of very small amounts, 1 pioe being equal to 
cowries generally. 

In Behar and the North Western Provinces, the following 
subdivisions of the pice are in use ; — 

2 Damris ...make 1 Chhidam. 

2 Chhidams ... 1 Adhela. 

2 Adhelas ... 1 Paisa or Pioe. 

Table op Bengal Gold and Silver Weight. 

160. In this Table, 

4 Punkos ipake 1 Dh^. 

4 1^4ns 1 BattL 

6 Rattis 1 Anna. 

96 Batiis or 12 Mashas or 16 Annas ... 1 Tola. 

1 Tolas 180 grs. Trpy. 

32 Tolas 1 lb. Troy. 

^ Tabijs op Bengal Dootobs’ WiaoBr. 

( 

161. In this Table, . , 

4 Jabs make 1 BattL 

5 Battis ••• ••• 1 

2 Dhins 1 

2 MidfAa ... 1 

1 froy. 
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Table of British Indian Bazar Weight. 


1G2. 

5 

4 

4 

4 

5 
8 


In this Table used in weighing coarse articles, 

Sikis or quarter ru]jces (in weight) make 1 Kancha. 

Kanchas or 5 rupees in weight ... 1 Chatak. 

Chataks ... 1 Powa. 

Powas ... 1 Seer. 

Seers ... 1 Pusuiy. 

Ihisuries or 40 Seers ... 1 Maund. 


1 Bazar Maund = 100 lbs. Troy = 82 lbs. Avoirdupois = 
of 1 Factory Maimd = 1 Maund 4^^ Seers of Factory weight. 

1 Seer = 80 rupees* weight = 80 x 180 or 14400 grs. Troy 
= 2 J lbs. Troy = lbs. Avoir. 

1 Fa( tcry Maund = -| cwt. 


Bengal Regulation VIT of 1833 (now repealed) first intro- 
duced the Tola of 180 gi’s. Troy as the standard unit of 
we’ght. The Table of weights given in that Regulation runs 
thus : — 

8 Rattis = 1 Masha = 15 grs. Troy. 

12 Masha =1 Tola =180 grs, Troy. 

80 Tolas = 1 Seer =2^ lbs. Troy. 

40 Seers = 1 Maund = 100 lbs. Troy. 


The following is the Table of Bombay local weights : — 


4 Dhans 
8 Raktikas 
4 Mdshds 
72 Tanks 
40 Seers 
20 Maunds 


make 1 Raktika. 

... 1 Mash^. 

... 1 Tank. 

... 1 Seer. 

... 1 Maund = 28 lbs. Avoir. 
... 1 Khandi. 


The following i« the Table of Madras local weights : — 


10 Pagodas » - 

8 Palam^ 

5 Seers 

8 Bis ot 40 Seers 
20 Maunds 


make 1 Palam. 

... 1 Seer =10 oz. Avoir. 
... 1 Bis. 

1 Maund = 25 lbs. Avoir. 
•«. 1 Khandi. 


10 
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Table of Linear Measure. 


163. lu Bengal, 

3 J ciiLs 

4 Angulis 

3 Mutis 

2 Bighats 

4 Hiits 
1000 Dhanus 

2 Kroscai 
2 Gavyutis 

4 Hdts 

20 E^thas or 80 E 

In the above Table 1 Eros 
English. 


make 1 Angiili. 

... 1 Miiti. 

... 1 Bighat. 

... 1 Hat. 

... 1 Dhaim. 

... 1 Eros or Eos. 

... 1 Gavyuti. 

... 1 Jojan. 

=a 1 Eathd. 
its = 1 Bigha or Rasi. 

= 1 mile 1 furlong 3 poles 3^ yards 


But generally, 1 Eros = 100 Basis =8000 Hats = 2 miles 
2 furlongs 7 poles 1^ yds. English. 

1 Hat = 18 inches generally. 

In Bombay, the half hath is called Vent ; and the measuring 
rod or kathi for land is 9 *4 ft. 


In the 2^orth Western Provinces, 

1 Ilahi guj = 33 inches. 
3 Ilahi guj= 1 Bans. 
20 Bans = 1 Jarib. 


Table of Cloth Measure. 


164. In Bengal, 



3 Jabs 

make 1 Anguli. 


3 Angulis 

... 1 Girah. 


8 Girahs 

... 1 H4t. 


2 Hdts 

... 1 Guj f= 1 yard. 

In Bombay, 


* « 


2 Angulis 

=» 1 Tasu. 


24 Tasus 

= 1 Guj e» ^7 in. 

In Madras, 


% 


1 Eovid 

— 18’6 in. 
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Table op Land Measure. 

165. In Bengal, 

1 Square Cubit makes ... 1 Ganda. 

20 Gaiidas or 5 Cubits long by 4 wide make 1 Chatak. 
16 Chataks or 80 Cubits long by 4 wide ... 1 Katha. 
20 Katlias or 80 Cubits long by 80 wide ... 1 Bigha. 

A Katha = 80 x 4 or 320 sq. cubits. ° 

a 120 X 6 or 720 sq. ft. 

A Bigha = 80 x 80 or 6400 sq. cubits. 

== 120 X 120 or 14400 sq. ft. 

14400 , 

= — ~ — or 1000 sq. yds. 

From xVrt. 148, 

1 acre = 4840 sq. yds. 

~ 3 X 1 600 sq. yds. + 40 sq. yds. 

= 3 bighas +^bigha 
^ 40 ° 

= 3^-bighas. 

The Benares or Ghazipur Bigha. 

= 3600 sq. Benares guj=s 3136 sq. yds. 

= 2 Bengal bighas nearly. 

In the North-Western Provinces, 

20 Biswa =1 bigha. 

1 Bigha = 3600 sq. guj. Ilahi. 

= 3025 sq. yds. 

In Bombay, 


34* 

Square Hats 

make 1 Kathi. 

20 

Katiyo 

... 1 Pand. 

20 

Pands 

1 Bigha *=• 3897*4 sq. yds. 

6 

Bighas 

... 1 Rukeh. 

120 

Bighas 

... 1 Chahur. 


In Madras, • 

^ 1 Manai = 2400 sq. ft. 

*24 Manai — 1 Kani * 6400 sq. yds. 
Table of Bengal Lime Measure. 

166. 2 ft. 5 in. long by 1 ft. 8 in. ) = 1 Ferah 

wide by 9 in. deep J weighing 1 Jmds. 

80 Feradis or 225 cub. ft. » 100 nniLnndfl 
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Table of Bengal Liquid Measure. 

1G7. 4 Chataks 

make 1 Powa. 

4 Powas 

... 1 Seer. 

40 Seera 

... 1 Maund. 

Table of Corn Measure. 

1G8. In Bengal, 

5 Chataks 

make 1 Kunki. 

4 Kunkis 

... 1 Bek. 

4 Beks 

... 1 Pally. 

20 Pallies 

... 1 Solly. 

16 Sollies 

... 1 Kaliun = 40 mils. 

In Bombay, 

3G Tanks 

make 1 Tipari. 

2 Tiparis 

... 1 Ser. 

• 4 Sers 

1 Payali = 2|- lb. Avoir. 

16 Payalis 

... 1 Pharo. 

8 Pliara 

... 1 Khandi. 

25 Phara 

... 1 Muda. 

Payalis of lime =■ 1 Pharo. 

17 J Payalis of 

rice = 1 Pharo. 

111 Madras, 

8 Ollaks 

make 1 Padi. 

8 Padis 

... 1 Markal= 750 cub. in. 

5 Markals 

... 1 Phara. 

Table of 

Bengal Time. 

169. 60 Anupals 

make 1 Bipal. 

• 60 Bipals 

... ] Pal. 

^0 Pals 

... 1 Ghari or Danda = 24' 

7^ Gharis 

... 1 Prahar = 3 hrs. 

8 Prahars 

... I Day# 

7 Days 

... I Hafta, 

15 Days 

... 1 PaksW 

2 Pakshas 

... 1 Mas. ‘ 

2 Mas 

... 1 Ritu. % 

6 Bitus 

... 1 Vatsar. 

12 Yatsars 

... 1 Yug. 
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The Hindoo year of the Sakabda era begins from the 1st of 
Haisakh, corresponding Avith about the 11th, 12th, or J3th of 
April. Its length = 365 days 15 Dandas 31 Pals 31 BipaLs 
siiid 24 Anupals. The Samvat year begins from the first dav 
after the new moon in Chaitra. The two Hindu eras in com- 
mon use are the Samvat, Avhich commenced from 57 B. C., and 
the S.ikabda, which commenced from 78 A. D. 

The following are the names of the Hindu months, with 
their astronomical lengths in days, hours, and minutes. 


Months. 


Days. 

hra. 

min. 

Baisakh 


30 

22 

3 2*8. 

Jyaistlia 


31 

9 

40-8. 

Ashailh 


31 

14 

39-2. 

Sravan 


31 

11 

16*8. 

Bliadra 


31 

0 

52-0. 

Asvin 


30 

10 

56*8. 

Kartio 


29 

2J 

38-8. 

Agrahayau 


29 

12 

9*6. 

Paua 


29 

8 

21-2. 

Mngh 


29 

10 

54*4. 

Falgiin 


- 29 

19 

21 -G. 

Chaitra 


30 

8 

. 8-4. 


In ordinary reckoning, a fraction of a day belonging to a 
month is generally counted as one entire day, the difference 
between such fraction and a whole day being deducted from 
the length of the next month. 

170. Act XXXI of 1871, which provides for the adoption 
of a uniform system of Weights and Measures of Capacity, 
enacts amongst other things, that the unit of weight shall be 
the Ser equal in weight to the French Kilogramme = 2 lbs. 3oz. 
4*3830 drams Avoirdupois, and the unit of the measure of 
capacity, the ipeasure containing one such Ser of water at its 
maximum density weighed in a vacuum. 

6ECTI0N II. JACTATION OF CONCRETE INTEGERS. REDUCTION. 

171. T]ie Notation of concrete integers is extremely simple. 
We have only to write down the numbers of the successive 
denominations one after another, with the abbreviation for the 
denomination of each number, above or by the side of the same. 
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Thus, five pouTids dx shillings and eight pence will be written 
s, d. 

as £5. 65. 8d. or 5. 6. 8. 

172. Dep. Reduction is the method of expressing a num- 
ber of one denomination in units of another. 

173. Rule I. To reduce a quantity from higher denom- 
inations to a lower one, multiply the number of the highest 
denomination in the given quantity by the number connecting 
that denomination with the next lower, and to the product add 
the number of the next lower denomination, if any, in the 
given quantity; repeat this process for each succeeding 
denomination till the one required is arrived at. 

Rule II. To reduce a quantity from a lower denomination 
to a higher, divide the given quantity by the number connect- 
ing its denomination with the next higher, and set down the 
remainder, if any, under its own denomination, and the 
quotient under the next higher ; repeat this process with the 
first and the successive quotients till the required denomina- 
tion is arrived at. 

Ex. 1. Reduce 28 Rs. 13 a, 3 pice to pies. 

By the Rule we have 

28 Rs. 13 a. 3 pice. 

16 
168 
28 
448 

13 
461 

4 

1844 

3 

1847 
3 

5541 




a. 

a. 

a. 

pice. 


pies. 
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Ex. 2. Reduce 1000 tolas to seers, &c. 
By the Rule we have 


l OOO tolas. 
200 cht. 
50 pow. 


pows. 


12 seers. 

The reason for ilie Rules will be seen below. 
In Ex. 1, 


28 Rs. 13 a. 3 pice= 28 x 16 a. + 13 a. +3 pice 

= 4G1 a. + 3 pice = 461 x 4 pice + 3 pice 
= 1847 pice = 1847 x 3 pies 
= 5541 j)ies- 

In Ex. 2, 

1000 tolas = cht. = 200 cht : 

5 


200 

I 

4 
' 4 


pows = 50 pows 
seers = 12 seers 2 pows. 


174. Here may be noticed the advantages of the use of the 
Metric System. 

In this system, Reduction from one denomination to another 
is performed by a simple transposition of the decimal point. 

Thus, 3 kilom. ' 5 hectom. 6 dekam. 7 m. 9 decim. 

c= (3 X 1000 + 5 X 100 + 6xl0 + 7 + T^)m. 

^ 3567-9 m. 

= 356-79 dekam. 

= 35-679 hectom. 

kc. 


• Ex. XXIII. 

1. Reduce . 

• (1) 12 R^ 13 a. 4 p. to pies j and 1000 pies to rupees. 

(2) 23 Rs. 14 a. 5 p. 1 k) pies ; and 250 annas to rupees. 

(3) 159 Rs. 0 a. 7 p. to pies \ and 500 annas to rupees. 

(4) 234 Bs. 15 a. to annas; and 196 annas to rupees. 

(5) £ 21. 2s. id. to pence ; and 600c?. to pounds. 
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(6) X 32. 3s. d. to farthings; and 100c?* to pounds. 

(7) 225 half-sovereigns to pence ; and 5633 pence to 
half-guineas. 

(8) 529 half-crowns to pounds ; and 5s. to crowns. 

(9) 1 fi). 2 oz. 3 dwts to grains ; and 1234 gra. to ounces. 

(10) 12 S)s. 13 oz. 14 dwts. to pennyweights; and 
123414 grs. to pounds. 

(11) 3 tons. 14 cwt. 3 qrs. to pounds; and 1000 oz. 
to pounds. 

(12) 5 tons. 15 cwt. 16 lbs. to grains Troy ; and 10000 
pounds to tons. 

(13) 25 tolas 12 rattis to rattis ; and 1000 rattis to 
tolas. 

(14) 31 maunds 32 seers 3 ciits. to kanchas ; and 1000 
tolas to seers. 

(15) 100 maunds to tolas ; and 10000 tolas to maunds. 

(16) 1 mile 7 fur. 13 po. to yards ; and 2000 yards 
to miles. 

(17) 23 yds. 2 ft. 7 in. to inches ; and 525 in, to 

yards. 

(18) 1 ac. 2 ro. 3 sq. po. to square yds; and- 3000 
sq. yds. to acres. 

(19) 15 cub, ft. 27 cub. in. to cubic inches ; and 

500 cub. ft. to cub. yds. 

(20) 2 kroses 50 dhanus to cubits ; and 15678 cubits 
to kroses. 

(21) 5 kroses 20 rasis to cubits; and 1000 rasis to 
kroses. 

(22) 28 bighas 15 kathas to kathas ; and 525 kdthds 
to bighas. 

(23) 39 bighas 16 kathas to kathds ; and 1650 

chalks to bighas. 

' (24) 1 kilog. 2 hectog. 3 dekag. to grams ; and 

967654 millig. to grams. * 

(25) 4 kilom. 5 hectom. 6 dekam. . to centimetres ; 

and 78910 centina. to dekametres. . , 

2. How many pence are there in £100^ aqd how many 
pounds in 1600 pence 9 

3. How many acres are there in 640 sq. mileSj and 
bow many bighas in 144 kathAs i 
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4. How many minutes arc there in 1 J ulian year, and 
how many dandas in 1 week ? 

SECTION III. COMPOUND ADDITION. 

175. Def. The Addition of concrete numhers of different 
denominations is called Compound Addition. 

It is evident that the numbers to be added together 
must be of the same kind. For otherwise, the Addition 
would be meaningless and absurd. Thus there can be 
no meaning in saying that 5 rupees are to be added to G seers, 
or the like. 

176. Kule. Arrange the numbers so that units of the 
same denomination may be in the same column. Add up 
tlie column of the lowest denomination ; divide the sum 
by the number of units of its denomination contained 
in one unit of the next higher denomination, set down the 
remainder under the column added, and carry the quotient 
to be added to the column of the next higher denominaticii. 
Repeat this process for every column. 

If a column of any intermediate denomination be wholly 
ivanting, indicate its existence by zeros. 

Ex. 1, Add together. £3, 135. 4|c?. £5, 125. 6|d. and 
£S. 105. Sid. 

By the Rule we have 

■“ £ 8. d. 

3 13 ^ 

5 12 6f 

8 10 8i 

17 16 7i 

.Reason forjthe Rule. 

" (2 + 3-1-1)- farthings* 6 farthings = 1<^. + 2 farthings; so 
we put do;$m 2 farthings or dL and carry \d. to be added to 
(4 + 6 + 8)^. thus getting in aU 19 c?. which* Is. 7 d. \ so we 
put down 7d.y and carry I 5 . to be added to (13 + 12 + 10)5. 
thus getting in all 865. or £ 1. I65. ; we then put down I65., 
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and carry £ 1 which added to £ (3 + 5 + 8) makes in all 
£17. The required sum.*. = £17. 16«. 7^. 

Ex. 2. Add together 2 mds. 3 seers 3 chts., 5 mds. 
4 seers 2 chts., 17 mds. 3 chts., 5 pus. 2 seers. 2 chts., and 
3 mds. 7 pus. 3 chts. 

By the Rule we have 

mds. pus. seers pow. chts. 

2 0 3 0 3 

5 0 4 0 2 

17 0 0 0 3 

0 6 2 0 2 

3 7 0 0 3 


28 5 4 3 1 


Ex. XXIV. 


1. Add together 


(1) £ 

s. 

d. 

(2) £ 

s. 

d. 

(3) £ 

s. 

d. 

1 

2 

3 


20 

19 

11 

39 

15 

7i 

4 

5 



21 

18 

lOJ 

38 

14 

6 

7 

8 

H 


22 

17 

9 

37 

13 

5| 

10 

11 

Oi 


23 

16 

8i 

36 

12 

4 

(4) Rs. 

a. 

p- 

(5) 

Bs. 

a. 

P* 

(6) Rs. 

a. 

P,; 

35 

11 

3 


43 

7 

1 

67 

15 

7 

34 

10 

2 


44 

6 

2 

69 

13 

5 

33 

9 

1 


46 

5 

3 

72 

9 

11 

32 

8 . 

0 - 


46 

4 

4 

88 

11 

9 

(7) tons. 

cwt. ( 

qrs. 

lbs. 

(8) 

tons. 

owt 

qrs. 

lbs. 

20 


16 

3 

16 

13 

U 

1 

15 

31 


16 

2 

17 


12 

13 

2 

14 

42 


17 

1 

18 


11 

12* 

3 

13 

53 


18 

0 

19 


10 

11 

0 

12 
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(9) 

mds. 

seers. 

chts. 


(10) 


mds. 

seers. ( 

chts. 


32 


33 

9 



45 


23 

3 


33 


34 

10 




47 


21 

5 


34 


35 

11 




53 


25 

7 


35 


36 

13 




63 


35 

9 

(11) 

yds. 


ft. 

in. 


(12) miles. 

fur. 

pol. 


3 


2 

7 




68 


5 

6 


7 


1 

8 




57 


4 

8 


9 


2 

11 




46 


3 

9 


11 


0 

5 




35 


2 

10 

(13) 

£. 

s. 

d. 

(14) 

£ 

8. 

d. 

(15) 

£. 

8 

d. 

5 

7 

9 


21 

13 

5 


19 

7 

9 


11 

13 



25 

15 

6 


47 

13 

51 


23 

15 

7 


27 

9 

li 


68 

9 

H 


28 

19 

11 


28 

14 

H 


73 

16 

6 

(16) 

Rs. 

a. 

P- 

(17) 

Rs. 

a. 

P- 

(18) 

Rs. 

a. 

P- 


55 

13 

I 3 

79 

11 

6 


18 

14 

8 


63 

14 

: 6 


8 

12 

3 


23 

9 

4 


75 

12 

1 9 


9 

15 

9 


25 

10 

6 


64 

14 

8 


11 

7 

3 


73 

11 

8 


2. Find the sum of 15 bighas 16 kathas 14 chataks ; 
16 bighas 17 kathas 13 chataks ; and 17 bighas 18 kathas 
12 chataks. 

3. Add together 26 sq. yds. 7 sq. ft. 9 sq. in. ; 25 sq. yds. 
8 sq. ffc. 10 sq. in. ; and 24 sq. yds. 9 sq. ft. 11 sq. in. 

4. Find the sum of 3 lbs. 4 oz. 5 dwts . ; 4 lbs. 5 oz. 
6 dwts. ; and 19<lbs. 7 oz. 13 dwts. 

5. Add together 16 Rs. 15 a. 11 p.; 28 Rs. 13 a.*; 
56 Rs. 10 a. 0 p. ; and 106 Rs. 5 a. 

6. Add together 7 toiles 5 fiir, 6 po. ; 9 miles 1 fur. 28 po. ; 
and 91 mUes 3 fip% 37 po. 
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SECTION IV. COMPOUND SUBTRACTION. 

177. Def. Compound Subtraction is the method of finding 
the difference between two concrete numbers of different 
denominations. 

As in Compound Addition, it is evident that the numbers 
between which the difference is to be found out must be of 
the same kind, 

178. Rule. Place the less number below the greater so 
that numbers of the same denomination may be in the same 
column. Subtract the number of each denomination in the 
subtrahend from the corresponding number in the minuend, 
and put down the difference below. If a number of any 
denomination in the minuend is less than the corresponding 
number in the subtrahend, increase it by the number of units of 
its own denomination contained in one unit of the next higher, 
and then perform the subtraction, taking care to add 1 to the 
number of the next higher denomination in the subtrahend. 

The several partial differences taken together will be the 
difference required. 

Ex. Subtract 5 Rs. 11 a. 3 pice from 18 Rs. 13 a. 2 pice. 
By the Rule we have 

Rs. a. p. 

18 13 2 

5 11 3 

13 13 

Reason for the Rule, 

To subtract one concrete number from another is to sub- 
tract the number of each denomination in the subtrahend 
from the corresponding number in the minuend. 

Now, as 3 pice cannot be subtracted from 2 pice, we increase 
the latter by 1 anna or 4 pice making it 4 + 2 or 6 pice, “ knd 
then (6 - 3) pice=st 3 pice ; so we put down 3 in, the column of 
pice ; and as we have added 1 anna to the minuend, to keep the 
difference unchanged, we add 1 anna to the^ll annas in the 
subtrahend (Art. 34. Prop. 1) thus making it 12 annas ; and 
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13 annas - 12 annas = 1 anna, which we put down in the annas' 
column ; and lastly 18 Rs. - 5 Rs. =« 13 Rs. Thus the differ- 
ence required = 13 Rs. 1 a. 3 pice. 


Ex. XXV, 

1. Subtract 

(1) ^15. 155. ed. from £26. Us. Sid. 

(2) £2S. 195. Ud. from .£70. ISs. M. 

(3) £36. 65. 7^d. from £84. 17 s. Ud. 

(4) £234. 9s. 5d. from £500. Os. 6d. 

(5) 7 Rs. 8 a. 9 p. from 10 Rs. 9 a. 8 p. 

(6) 70 Rs. 7 a. 8 p. from 88 Rs. 6 a. 5 p. 

(7) 66 Rs. 13 a. 11 p. from 96 Rs. 7 a. 8 p. 

(8) 37 Rs. 12 a. 9 p. from 59 Rs. 13 a. 3 p. 

(9) 3 lbs. 11 oz. 12 dwts. from 28 lbs. 8 oz. 10 dwts. 

(10) 15 lbs. 0 oz. 15 drs. from 17 cwt. 3 qrs. 10 lbs. 

(11) 1 md. 19 seers 7 chts. from 15 mds. 10 seers 3 chts, 

(12) 17 mds. 28 seers 13 chts. from 29 mds, 8 seers. 

(13) 1 mile 2 fur. 3 po. from 69 miles 5 fur. 37 po. 

(14) 2 kroses J5 rasis from 5 kroses 10 rasis. 

(15) 3 sq. yds. 7 sq. ft. 56 sq. in. from 20 sq. yds. 6 sq. ft. 
20 sq. in. 

(J6) 15 cub. ft. 16 cub. in. from 24 cub. ft. 9 cub. in. 

(17) 3 bighas 10 kathas 8 chts. from 12 bighas 8 kathas 

6 chts. 

(18) 7 kilog. 8 dekag. 9 gram, from 9 kilog. 8 hectog. 

7 dekag. 

2. Find the difference between 

(1) 7 weeks 6 days 10 hrs. and 15 weeks 3 days 5 hrs. 

(2) 6 prahars 2 dandas 56 pals and 7 prahars 1 danda 

10 pals. • 

(3) 6 hrs. .7' 8" and 22 hrs. 2' 5^ 

. (4) 5® Ip' 15" and 18^ 6' 10". 

(5) 10 annas 13 gandas 1 cowry 1 krant and 5 annas 
5 gandas 2*cowries 2 kr^ts, 

(6) 5 a. 6 ^n. 2 cowr. 2 kr. and 2 a. 13 gan. 1 cowr. 1 kr. 
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SECTION V. COMPOUND MUITIPLICATION. 

179, Dep. The Multiplication of a concrete number of 
different denominations by an abstract number is called 
Compound Multiplication. 

As we have already seen (Art. 38) the multiplier must 
always be an abstract number. There are apparent exceptions 
to this rule, but they are not real exceptions. They will be 
noticed in Arts. 184 and 198. 

180. Rule. Place the multiplier below the lowest denom- 
ination of the multiplicand ; multiply the number of the 
lowest denomination by the multiplier ; divide the product 
by the number of units of its own denomination contain- 
ed in one unit of the next higher, put down the remainder, 
if any, under the denomination in question, and cany the 
quotient to be added to the product of the multiplier by the 
number of the next higher denomination in the multiplicand. 
Repeat this process for each of the given denominations. 

Ex. 1. Multiply 16 Rs. 15 a. 2 p. by 7. 

By the Rule we have 

Rs. a. p. 

16 15 2 

7 


118 10 2 
Reason for the Rule 

To multiply a concrete number of several denominations is 
to multiply the number of each separate denomination by the 
multiplier, and to take the sum total of all the partial prod* 
ucts, after performing the necessaiy reductions. 

Thus, 2 pies X 7=14 pies=»l anna +2 pies; so we put 
down 2 pies in the pies’ column. Next 15 a. x 7^ 105 annas, 
and to this must be added the 1 anna already obtained, and 
we thus get 105 + 1 or 106 annas>=6Rs. ‘'10 a., and we 
put down 10 annas in the column of annas." Lastly , we 
multiply 16 Rs. by 7 and get 112 Rs. to which mu^ be added 
6 Rs., thus giving us 118 Rs, Thus the product is 118 Bs. 10 a. 
2 pics. 
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Ex. XXVI. 


1. Multiply 

(1) £15. 10s. 6rf. by 2, 3, and 5. 

(2) £16. 11s. by 4, 5, and 6. 

(3) £17. 17s. 9f(/. by 7, 8, and 9. 

^4) £28. 12s. Sd. by 10, 12, and 15. 

(5) 20 Rs. 12 a. 9 p. by 8, 12, and 16. 

(6) 25 Its. 15 a. 3 p. by 5, 6, and 8. 

(7) 32 Rs. 8 a. 6 p. by 4, 6, and 12. 

(8) 56 Rb. 14 a. 3 p. by 3, 6, and 9. 

(9) 10 lbs. 6 drams. 2 scr. 15 grs. by 4, 5, and 10. 

(10) 19 cwt. 2 qrs. 14 lbs. by 4, 8, and 12. 

(11) 5 mds. 10 seers 3 powas by 6, 8, and 9. 

(12) 17 mds. 15 seers 15 chts. by 15, 20 and 32. 

(13) 2 wks. 5 days 15 hrs. 10' by 15, 20, and 32. 

(14) 5 days 21 hrs. 15' by 31, 32, and 40. 

(15) 6 kilog. 5 hectog. 6 grams 7 centig. by 5, 10, and 15. 

(16) 8 dekam. 7 metres 6 decim. by 2, 4, and 8. 

2. Find the product of 

(1) £15. lOs. lOd, by 3 and 30. 

(2) 18 Rs. 10 a. 6 p. by 10 and 100. 

(3) 15 cwt. 2 qrs. 24 lbs. by 50 and 100. 

(4) 16 lbs. 15 dwts. 14 grs. by 20 and 200. 

(5) 5 mds. 6 seers 7 chts. by 30 and 300. 

(6) 30 mds. 20 seers 8 chts. by 10 and 15. 

SECTION VI. COMPOUND DIVISION. 

181. Dbp. The Division of a concrete number of different 
denominations by an abstract number or another concrete 

number is called Compound Division. 

• 

As we have already seen (Art. 51) the quotient in the 
former case will lie a concrete number indicating the magni- 
tude of each part after division, and in the latter, it 'mil be 
an abstract fjiumber indicating the number of times that the 
divisor is contained in the dividend. 

182 . the divisor is an abstract number proceed thus : 
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Rule. Place the numbers as in Simple Division. Divide 
the number of the highest denomination in the dividend by the 
divisor ; the quotient will be of the same denomination ; 
reduce the remainder, if any, to the next lower denomination, 
add to it the number of the corresponding denomination in the 
dividend, and then divide the sum by the divisor. Repeat 
this process down to the lowest denomination. The several 
partial quotients taken together will be the quotient required. 

Ex. Divide 151 Rs. S a. 2 pies by 25. 

Rs. a. p. 

25) 151 3 2 (6 Rs. 

150 

1 

16 

16 

3 

25) 19 ( 0 a. 

12 

228 

2 

25 ) 230 ( 9^ pies 

225 

■ 

5 

the quotient reqd. is 6 Rs. 0 a. 9jV 
^ Reoion for the Rule, 

The number of rupees to be divided is 151, and these 
rupees divided into 2^ parts give 6 rupees for each part, with 
IR, over; and 1 R** 16 annas; which together with the 
3 a. in the dividend give 19 a. as the total number ‘of 
annas to be divided; as 19 a. cannot be divided" into 
25 parts, we reduce these to pies, getting 19 x 12 or 228 
pies which together with the 2 pies in the dividend give 
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230 pies as the total number of pies to be divided, and 230 
pies -I- 25 give 9/^ pies for each p^; and nothing more 
remains to be divided. Thus the quotient is 6 Rs. 9^V P^^®- 

183. When the dividend and the divisor are both concrete 
numbers, proceed thus : 

Rule. Reduce both the dividend ^nd the divisor to the 
same denomination, and then proceed as in Simple Division. 

Ex. Divide £57. 13s.* by £5. 10s. 6cL 

By the Rule we have 

£ 57. 13s. = (57 X 20 + 13)s. = 1153s. 

»(1153xl2)e?. «13836d. 

£ 5. 10s. 6d. « 1 10s. + Cd. =(110x12 + 6)d. 

= 1326d 

1326)13836(10 

1326 

576 

.*. 10 ^® quotient reqd. 

Season for the Rule. 

To divide £ 57. 13s. by £ 5. 10s. 6d is to find how often the 
latter is contained in th^ former, i. s., how often the amount 
1326d. is contained in 13836 d., i. s., how often the number 1326 
is contained in 13836 ; so that we have only to divide 13836 by 
1326 as in Simple Division. 

Ex. XXVII. 

1. Divide — 

(1) £ 9. 10s. M. by 2, 3, and 4. 

(2) £ 65. 16s. 6d by 5, 6, and 7. 

(3) £ 67. 17s. 74 by 8, 9, and 10. 

h) £ 226. 13s. 44 by 72, 73, and 76. 

(6> 66 Rs. 14a. 3p. by 10, 12, and 14. 

(6) 160 Rs! 12a. 8p. 1^ 16, 16, and 18. 

<7) 225 Rs. 10a. lOp. by 19 and 31. 

« (8) 640'Rs. 8a. 6p. by 8 and 18. 

<9) 66 ga30. $ qta. by 4 and 14. 

(10) 72*qr8. 2 bus. 3 phs. by 8 and 16. 

(11) 17 cwt. 2 qrs. Hlbs. by 9 and 19. 

» (l2) 1 tozL 18 cwt. 16 lbs. by 15 and 2a 


11 
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2. Dividc- 

(1) £ 15. 10«. 9i. by JL 1. 5^. 6d 

(2) £ 28. 9«. by £ 3. 3«. 3i. 

(3) 52 Rs. 11 a. by 3 Rb. 7 a. 7 p. 

(4) 16 Rs. 15^ 11 p. by 4 Rs. 3 a. 2 p. 

(5) 22 sq.miles 3 sq.yds. 5 sq.ft. 

(6) 22 sq.yds. 8 sq.ft, by 5 sq.yds. 2 sq.ft. 

(7) 11 bighas 10 kathas by 2 bigbas 11 kathas. 

(8) 12 bigbas 6 katbas by 4 bigbas 2 kathas. 

(9) 22 hrs. 55' by 3 hrs. 10'. 

(10) ^ * 16 hrs. 40' by 3 hrs. 15'. 

(11) 14 dwts. 10 grs. by 3 dwts. 12 grs. 

(12) 42 mds. 10 seers by 8 seers 8 chts. 

Miscellaneous Questions and Examples. 

184. In working ont Examples, the remarks iix Art. 77 
should be borne in mind. 

Ex. 1. A ‘person gives 5 Rs. 4 a. to each of 13 men; 
how much does he speud altogether ? 

Here, the total amount spent . 
s (amount given to^ove man) x^(the number of men) 
= (5 Rs. 4 a.) X 13 

• « 68 Rs. 4 a. 

In the above process, it may appear at first sight that the 
multiplier 13 is a concrete number being 13 men ; but in fisct 
it is not so, fur we have taken 5 Rs. 4 a. 13 times simply, and 
not evidently 13 men times, which would be absurd. 

Ex. 2. A person by giving 5 Rs. 4 a; to each man, spends 
68 Rs. 4 a. ; how many men were there 1 
Here the number of men reqd. 

•s the number of .times that the sum of 5 Sk ^a. is 
contained in 68 Rs. 4 a. 

SB 68 Rs. 4 a. ^ 5 Rs. 4 a. 

« 1092 a. -r 84 a. -13. r * . 

Here it may ap|>e 2 ^ at first sight that in dividing pM jsen- 
Crete number 68 Rs. 4 a. by anotber concrete number 6 Bis. 4 a., 
we get a concrete number, viz,, 13 men for the q[iiotient ; but in 
fact that is not so. The quqiient we get is 13 men, but« 
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the abstract number 13, and it so happens only from the 
nature of the question tl^f the nuinbtT\& men required to be 
found out is equal to l^is quotient 13, and has to he. ascer- 
tained by means of the operation of Division indicated 
above. 

Ex. 3. How many rupees, half-rupees, quarter-rupees, 
and two-anna pieces are there dn 140 Rs. 10 a., supposing there 
to be an equal number of each ) 

Here, the number reqd. « the nuinbeT of times that the sum 
of 1 rupee + 1 half-rupee + 1 quarter-rupee + 1 two-anna piece 
is contained in 140 Rs. 10 a. 


Now 1 rupee + 1 half-rupee + 1 quarter-nipee -t- 1 two-anna 
2 :)iece » 15 two-anna pieces 

and 140 Rs. 10 a. » 2250 a. 

a 1125 two-anna pieces; 

.'. the number reqd. « the number of times that 15 two- 
anna pieces are contained in 1125 two-anna pieces 


'Ex. 4. A bag contains a qertain number of sovereigns, 
twice as many half-sovereigns and five ^imes as many 
crowns'; and the whole sum in the bag amounts to J^653. 
5s. Find t^e number of coins of each Jund. 


Here, if we divide the coins in the bag into groups of 
1 sovereign, 2 half^overeigns and 5 crowns each, the number 
of such groups will be the same as the number of sovereigns 
contained. ' 

Bence the no. iff sovereigns in the bag 

the no. of times tha£ one of these groups is oontain- 
V ^ in thorfivmi sum ' . . 

£, 653. 5s. ^{l sovjsreign 2 halfsovmexgmr v 5 


crowns) 


ISOSSa 4-65a. 
13Q65 

"IT 


«2aL 


..crowpas 


xm^m, 


and.l... 
Ex. 6. 


and seUs. it weXer'.at 
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a profit of 2 pice in the rupee ; how much water has he added t 
and how much more water would hdve raised his whole profit 
to 1 rupee? 

Here the quantity of milk bought » 8 x 7 or 56 seers. 

How, in first case, there is a profit of 2 pice in the rupee or 
8x2 pice or4 annas in all ; and so there has been milk sold for 
8 Rs. 4a or S^Rs. at 8 seersa rupee ; 

. the quantity of milk sold « (8 x 8^) seers = 66 seers, 
and water added » (66 ~ 56) seers lOseers. 

Similarly, in the second ease, 

the quantity of milk sold -(8x9) seers * 72seers ; 

.* '.water added = (72 - 56) seers = 16 seers, and 

.'.the additional quantity of water required in the second case 

= (16 - 10) seers =* 6 seers. 

Ex. 6. A traveller who walks 20 miles a day, is followed in 
the same route by another traveller who walks 25 miles a day, 
and starts 3 days later. "Wntien will the latter overtake the 
former; and what*will be the distance between them 10 days 
after the latter starts ? 

Here, the first traveller is 3 x 20 or 60miles in advanceof the 
second ; and before he is overtaken, the latter must walk 60 
miles more than the fo^ner. 

But he walks daily (25 - 20) or 5 miles more than the first 
traveller ; , 

he will overtake the first traveller in ^ or 12 days. 
Again, on the 10th day after starting, the second traveller is 
(10 X 25) miles or 250 miles from the starting point ; and the 
first (10 X 20 + 60) miles or 260 miles from the same point; 
the distance between themB>(260 250) miles 

a 10 miles. 

Ex. 7. A man buys 3 yds. of woollen cloth, 6 yds. of silk, 
and 7 yds. of linen, for 23 Rs. 10 a. A yard of silk is worth 4 
yards of linen, and a yard of woollen cloth is worth 3 yaids*of 
silk. What is Ae price of each per yard ? 

*By the question, 

5 yds. of silk are worth (4 x 5) yds. or 20 yds. of linmi, and 
3 yds. of woollen cloth worth (3 x 3) ydk of silk, |. a, worth 
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(4: X 3 X 3)yds, or 36 yds. of linen ; so that the man would have . 
spent the same amount of money if instead of buying 3 yds. of 
woollen cloth and 5 yds. of silk, be had bought (36 + 20) yds. 
of linen ; so that (36 + 20) yds. + 7 yds. or 63 yds. of linen are 
worth 23 Es. 10 a. 

. '. the price of linen per yd. » 23 Bs. 10 a. 4- 63 

= -TT^a. s= 6a. 

63 

and silk »4x6a.»lB. 8a. 

and woollen cloth... ss3xlit.8a.»4Bs. 8a. 


Ex. XXtiII. 

I. 

1. Explain clearly how concrete quantities are numerically 
represented. 

2. Give the diffe^t meanings of t]|e term carat. What is 
the weight of a shilling, and how many shillings are equal to a 
rupee in weight ? 

3. How many drams of Apothecaries’ weigljt are there in 

1000 dwts) and how jmny drams Avoirdupois are therein 
the samel “ 

* How many penny-weights are there in 1 cwt. ? 

4. . What is B^duction^ 

Beduce33 half-crowns to farthings, and 3300 pies to rupees. 

5. How many barley-c^rns will reach round/ the Earth, 
supposing its circumference to be 25000 miles 1 

A room is 10 ft. 6 im from thefiopr to t)|l^ ceUing. How 
many copies uf a book, lin. thick, must bepiled upon the floor, 
one above smother, ik) as to reach to the ceiling ? 

1. > Whifei^ the nees of vw^ht 

dhpois we^g^l 

to lie ooUecled in mpees, wl^ 

aad^<mii4s !Troy ^ imd how 

cany % Bapporisg-each <auirto mupdif . 
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2. Supposing the population of India to be 200 millions, 
vhat would be the amount raised, if every individual in India 
were to contribute 1 cowry ^there being 80 cowries in a pice)1 
How muchmore money would be raised if each individual were 
to contribute 1 piet 

3. If ea^ Individual on an average consume half a seer of * 
salt per month, what would be the total quantity of salt con- 
sumed in 1 year in India,* supposing its population to be 200 
millions ; and what would be its price, at 2 annas a seer ? 

4. What is the relation between a linear foot and a square 
foot ? 

Shew how to find the number of square inches in 1 square 
foot. 

5. England including Wales contains 58660 square miles. 
What is the area of En^and and Wales in bighas 1 

6. What is the Julim year, and whaliCorrection has been 
made in it by Pope Gregory XIII ? 

How many hours are there in an average Julian year ? 
t 

HI. 

L What is Compound Addition 1 State the Rule for Com- 
pound Addition. « 

Find the value of 1 crown + 1 mark + 1 pound 4- 1 guinea + 

1 moidore. 

2. How many pice aio there 50 rupew, 50 half-rupees, 
and 50 quarter-rupees taken tOgeih^) 

3. A gentli^^’s eldest cluld was bpimouHie fi^ of Aiigust 
ISOOy his second chad :on the 1 3th of April 1872, his third 
<^ild onihe 7|lr of pct0l^l874, and hts fourth child on the 

What Ufiil ^ the sum of the of all 
these thh Mjth of S£|>tember 1878 1 and what was 

the di^and had 

lived 360K) his eldest wild ? . ; 

and spends 2A Ra of booksil ® •• 
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5. A milkman supplies a customer with milk at the rate 
of 3 seers a day for the whole of the year 1876. What is the 
total quantity of milk supplied, and what is its price, if milk 
sells at 2 annas a seer 1 

6. Between the execution of Louis XVI, January 21 of 
1793, and the battle of Waterloo, June 17 of 1815, how many 
days intervened ? 


* . IV. 

1. In Oompotmd Subtraction, when a number of any denom- 
ination in the minuend is less than the number of the same 
denomination in the subtrahend, bow do you proceed, and 
what is your reason for proceeding in that way 1 

2. The first class railway fare from Howrah to Benares is 
44 Rs. 8 a. 6 p., and from Howrah to Delhi is 89 Rs. 7 a. 
Find the difference between the two fares, and the distance 
between Benares and Delhi by railway, supposing the fares to 
be at the rate of 1 a. 6 p. per mile. 

3. A bag contains a certain number of rupees, twice as 
many half-rupees, three times as many four-anna pieces, and 
four times ns many two-anna pieces ; and the whole sum in 
the bag is 81 Rs. 4 a. How many coins are there of each 
kind) 


4. A grocer buys 7 mds. of sugar at 13 Rs. 4 a. per maund, 
and 9 mds. at 12 Rs. 8 a. per maund, and mixes the two 
quantities* together. At wW price per maund mvst he sell 
the mixture to secure a profit of 20 Rs. on the whole ) 

5. A box with its contents weighs 7 mds. 8 seers, and the 
weight of the box is 1 md. 15 seers. Find the weight of its 
contents.^ 


6. What is thj 9 relation between a linear and a square bigha ) 
The area of India is 1300000 squmre miles. How mtnj 


V. 


1. WfaajJis Compound MtdtipKcation! Gan yen multiply 
one concrete number by another! 

Find tjie prioeuf 58 mda of rice at 4 Bs. 13 a. a maund! 
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2. A dealer buys 150 mds. of rice at 4 Rs. 12 a. a maund. 
At what price per maund must he sell it to secure a profit of 
9 Rs. 6. a. on the whole 1 

3. How much money must you lay out in the purchase 
of rice, when it is selling at 4 Rs. 14 a. a maund, in order to 
be able to realize a profit of 25 Rs. by selling it at 4 Rs. 15 a. 
a maiind % 

4. JHow often will a clock, which strikes t^ hours, strike 

in 18771 ‘ . 

6. In a certain manufactory, there are employed a certain 
number of men, each getting 5 annas a day, and twice as 
many women, each receiving 3 annas daily. Supposing the 
total amount of their wages per week to be 57 Rs. 12 a., find 
the number of men employed. 

6. A merchant bought 100 pieces of cloth at 4 Rs. 12 a. 
per piece. Some pieces were damaged, and he sold the 
remaining pieces at 5 Rs. per* piece, so as just to cover the 
amount of his outlay. How many pieces were damaged ? 


VI. 

1. What is' Compound Division 1 How do you proceed 
when the dividend and the divisor are both concrete numbers? 
How many copies of a book at £1, 155. a copy can be had for 
£78. 155. 1 

2. A certain number of men, twice as many women, and 
three times as many boys, together earned 37 Rs. 3a. a week, 
each man getting 5 a. each woman 3 a. and each boy 2 a. a 
day. How many boys were there 1 

, 3. A pedestrian who walks 12 kroses a day, started from 
^ certain place some time after another pedestrian, who walks 
10 kroses a' day, had left the same place. How long after the 
first did the second pedestrian start, supposingJI^Hi to meet at 
the distance of 180 kroses from the place of staftingi ** 

4. Light travels at the rate of 192000 miles a second. 
How long does it take to come from the Suii to the Earth, a' 
distance of 96 millions of miles? 
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5. Divide 1800 Rs.amoDg A, B and C, so that as often as A 
gets 2 Ks,.^ may get 3 Rs. and O' 4 Rs. 

6. A contractor employs 1 foreman, 2 workmen, and 3 
women to do a certain work. They work from the 1st of 
January to the 30th of April 1876. Whj^t is the amount due 
to them, if the daily wages of a foreman, a workman, and a 
woman be 8 annas, 6 annas, and 2 annas, respectively % And 
what would be the contractor's profit, supposing him to get 
1 pice in the rupee? 
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CHAPTER IV. 

THE FUNDAMENTAL OPERATIONS WITH CONCHIETE 
FRACTIONS. 

SECTION I. NOTATION AND REDUCTION OP CONCRETE 
FRACTIONS. 

165. The method of notation for concrete fractions is the same 
as that for concrete integers. Thus, two-thirdi of a rupee, 
Ihree-fiftKt of an anna, four4enihs of a pice, will be written 
4R., ia.. *4 pice respectively. 

186. The Reduction of concrete fractions is effected by 
combining the Rules in Art. 173, with the Rules for the Multi- 
plication and Division of fractions and decimals, as will be seen 
from the following Examples. 

Ex. 1. Reduce <1 of a rupee to pies. 

* -fR. =a f X 16a. 13^a. 

ss^lS^a. + ^xl2 p. 

»13 a. 4 p. =»160p. 

This Example might also have been worded thus : — 

Find the value in pies of f of a rupee. 

£x. 2. Find the value of 005 of £ 1. 

•005 of £1=. 005 x20«--U 
« -1 

She. 3. Reduce ^ of a pice to the denomination of a rupee. 
”1 IMce =(4 + 4) a.=4a. 

£x. 4. Redu^ 2*5s. to. the d^imal of £1, 

• 2-5». -4(2-5 + 20) l£rl26. 

Ex. 5. I of - - * . , ^ 

V 4 of 'S'S times 4 .£1 .. 5 X =£6| 

.*£3+ =.£3. O*. 

A -£3. 6a 4£; 



NOTATION AND REDUCTION OF CONCRETE FRACTIONS. 171 


187. Rule I. To reduce one concrete number to the fraction 
of another concrete number of the same kind, reduce both to 
the same denomination, and put the former as the numerator 
and the latter as the denominator. 

Ex. Reduce 11 a. to the fraction of 5 Rs. 8a, 

By the Rule we have 

5 Rs. 8a. a 88a., 

the fraction reqd. » ^ a 

Reason for the Rule. 

The question is in other words to find a fraction such, that if 
5 Rs. 8a., regarded as the unit, be divided into a number of 
parts as denoted by its denominator, and a number of these 
parts bo taken as indicated by its numerator, the result will 
be equal to 11a. Now, our unit 5 Rs. 8 a. i. e., 88a. being 
divided into 88 parts, each part is 1 anna, and 1 1 such parts 
will be 11 a.; ^ %. e., ^ is the fraction required. 

The same Example may be also worded thus : — 

What part or fraction of 5 B# 8a. is lla.1 

The answer will be or ^ for, evidently 11a. is IJ^ths of 
5 Rs. 8a. or 88 a. regarded as the unit.* 

Rulb II. To reduce one concrete number to the decimal or 
another concrete number of the same kind, reduce the former 
to the fraction of the latter and then reduce the fraction so 
obtained to its corresponding decimal. 

Ex. Reduce 6<f. to the decimal of £5, 

By the Rule we have 

£5»240>c5ef.-1200d 

' the fraction 

and .*. the decimal » *005. 

188. We caniK>mpare the values of concrete fractions by first 
reducing to a common denomination and then comparing 
(hem as imRntct fractions^ ^ 

Ex. Compare the values of of 1 R. and f of 8a. 

We have R.*» t^x 16a,** Va. 
and i of 8a. - ^ 8a. * ^a. » V*- 
Hence of 8a. is greater than 1 K 
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Ex. XXIX. 


1 • Find the values of 

(1) of ^ 1. 17«. ed . ; and -5 of £ 6. 7^. M 

(2) -f of £15. Is. 7d . ; and *25 of £ 10. Os. Sd. 

(3) f of £ 10. 10«. 8(/. ; and *6 of £ 56. 5s. 

(4) -I of £ 9. Os. 6d . ; and *4 of £66. 10s. 

(5) f of 4 Rs. 5a. 4p. ; and *8 of 6 Rs. 4a. lOp. 

(0) of 8 Rs. 2a. lOp. ; and *2 of 7 Rs. 3a. 5p. . 

(7) i of 15 cwt. 2 qrs. 9 lbs. ; and *3 of 5 lbs. 5 oz. 

10 dwts. 

(8) f of 9 mds. 6 seers. 9 chts. ; and *9 of Binds. 12 seers. 

8 chts. 

(9) A of 1 mile 6 fur. 7 po. • and *12 of 15 yds. 2 ft. 

11 in. 

(10) tV of si days 11 hrs. 15' ; and *76 of 3 hrs. 32'. 

2. Reduce 

(1) 15s. to the fhtction of £ 1 ; and 16s. to the decimal 

of£l. 

(2) 9s. 6c?. to the fraction of £ 19. 19s. ; and 7s. Gd. to 

th^ecimal of £ 1. 10s. 

(3) 10a. 7p. to the fraction of 1 R. ; and 9a. 6p. to the 

decimal of 1 R. 3a. 

(4) 5a. 6p. to the fraction of 6 Rs. 3a. ; and 10a. to the 

decimal of 6 Rs. 4a. 

(5) 15 hrs. 30 min. to the fraction of 31 days ; and 5 

hrs. 15 min. to the decimal of 1 week. 

(6) 3 pts. to the fraction of 1 gaL ; and 2 pks. to the de- 

cimal of 4 bus. 

(7) 3 ft. 9 in. to the fraction ef 4 yds. j; and 9 in. to 

the decimal of 1 yd. 

(8) 8 kathas to the fraction of a bigha ; and 4 acres to 

the d^imal of 1 sq. mile. 

3. What fraction of,£l is 12s. 6d. ; and wlajfcdecimal of 

IR. i8 5a.4p.? ^ 

4. What fracthm of a tnonth of 30 days is 18 hrs. ; and 

what decimal of a week is. 81 hrs. t v ^ 

5. What part of 30 Rs. is7 Rs. 8 a^^^ and w;hat part of 
100 Rs. is 6 Rs. 4 a. 1 
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6. Compare the values of 

(1) of 1 K, f of 2 a., and ^ of 1 R.,8 a. 

(2) of ^ 1., of 2 crowns, and of 1 florin. 

(^) iV 1 i seers, and -I of 1 pusuiy. , 

(5) of 2 yds., of 4 ft., and of 3 ft. 

SECTION II. ADDITION OF CONCRETE FRACTIONS. 

189. The Addition of concrete fractions may be performed 
by either of two ways, viz,, 

First, By finding the values of the several fractions and 
then adding these values ; or 

Sec'mdly, By reducing the fractions to a cammon denomi- 
nation, then adding them as abstis.ct fractions, and lastly 
finding tho value of the sum. 

Sometimes the first method will be fofind convenient, and 
c^ometimes the second, as will be seen from the Examples 
given below. 

Ex. 1. Add together f of ^ 10. 10®., J of 6^. 9d, 
and I* of ^ 14. 1& 2<f. 

Here wo follow the first method. 

i of £ 10. 10s. * £ 4. 48. 

•J- of 6«. 9<f. « ' 28. Zd. 

fof £U\ l8. 2d. 

**= J 10 of !«. 2d. 

’ 10 + f of 14d-£ 10. Os. lOd. 

the sum reqd.®=i£ 14. 7«. Id. 

Ex. 2^ Find the sum of^ of SRs., ^ bf 8 a., and of 
IR. 12 a. . 

Here we fqpow tibe seoond^method. 

• /ybf3Ra.«^x3xl6 << 

^of8a. ■ ^ *|fk ' 

^of 1 R. !?>.«. A x28 a* . 

.'.tliemun- a.-7y%,»7». 4p. 
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Ex. 3. Find the sum of 
‘3 of £ 2., '5 of 10«. and *025 of £8. 


3 of £ 2=*iof£ 2*£f 
*5 of IO5. = of £ J =3 £ 

•025 of £ 83. £(yS^ X 8) = £ i. 

the sum 

3 .£ 1 +/^x 2 ()». 

= £ 1 . 28. 4 (f. 


^40 + 15 + 12 
* CO 


Ex. XXX. . 


Find the value of 

(1 ) ^ i + ■^. «. + y guin. + i crown. 

(2) £i + i^fi. + iof l-of £ l + 3^«. 

^3) y •+■ of,5 a. + -J of 7 Rs. 

(4) *5 fi. i- £ *3 + 3 '3«. + £ -1. 

(5) £ -i + 28 . + -Sd 

(6) • -3 R. + -4 a. + -5 of 6 Rs. 10 a. 

(7) i of I md. 2 seers. 15 ehts. + of 3mdg. of 
4 mds. 

^8) f of 1 ft. 6 in. + Y of 2 ft. 3 in. + a of i ft. 3 in. 

f9) -J- of 2 wks. 21 hrs. ^ of 2 da 3’'8 + i of 7 days. 

(10) of 2 cwt. -t- -J of 15 lbs. + ^ of 22 lbs. * 


SECTION IIL SUBTRACnpN OF CONCRETE FRACTIONS. • 

190. The Subtraction of concrete fractions may be per 
formed in eitb^ of the two, ways nf^tioned in Art^ 189^ 

Ex. 1. Sul]^i»6t"|> oF 10 Ra 10 a- ^from ^ of 22 
T2j.of22 Sk : 1 

f of 10 Rs. 10 «L » 4 4 a., . * 

the difference « 1 B. 12 a. 
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El. 2. Subtract f of 2 Rs. from | of 3 Rs. 
Difference reqd. =(4 x 3 - f x 2) Rs. 

= ~ f) Rs- It 1^*^* 

s= 1 R. + X 1 6 a. 
e‘ 1 R. 3 a. 4 X 4 pice. 

= 1 R. 3 a. 2|A pice. 

Ex. » 3. Subtract *05 of £ 1 from *5 of 4«. 

•05 of 1 =. (-05 X 20)s. = U. 

•5 of 45. = X 4 ) 5 . =s 25.; 

*. difference = (2 - 1)5. = I 5 . 


Ex. XXXI. 

Find the difference between 

(1) J of jeSand^ of^ 2. 

(2) *5 of £5, IO 5 . and *25 of £10. 5s, 

(3) i of £B, 125. and f of XI 5. I 5 . 

(4j I of 1 R. 4a. and of 6 Rs. 9a. 

(o) i of 5 Rs. 4a. and of 9 Rs. 10a. 

(G) '2 of 5 Rs. and -3 of 6 Rs. 

(7) I of Icwt. 14 lbs, and i of 2 qrs. 12 lbs. 

(8) *5 of 2ft. 4in. and ^ of 6ft. 8iu. 

( 9 ) *24 of Smds. 5 seers and ^ of Imd. 2 seers. 

(10) tV ®f ISbrs, 16' and *75 of Shrs, 

. g^prriON IV, MULTIPLICATION OF CONC&ETE FRACTIONS. 

191. The multiplier alone, or the multiplicand, or both 
tnaj iuTolve fractions. 

Rule. 1. If the multiplier alone inyolves fractions, reduce 
it to the form of 'an improper fraction, if necessary, divide 
the multiplicand by the denominator of this fraction, and 
then multiply jthe quotient by the numerator. 

Rule II. If the multiplicand or both the multiplicand and 
multiplier involve fractions, reauoe^the multiplicand to one 
denomination, the||jnultiply the numbers as abstract fractions, 
aud then fiud the value of the result. 
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Ex. 1. Multiply 7s. 8d. by 

By the Rule we have 

3) £6. 7s. 8d. 


2 . 2. * 6i 

2 


£4. 5s. 

Season for the Buie. 

To multiply a number by a fraction is to divide it by the 
denominator and then multiply the quotient by the numerator 
(Art. 101). Therefore to multiply the given concrete number 
^7h we divide it by 3, and then multiply the quotient by 2. 

Ex. 2. Multiply R. 4 -I a. by . 

. R- = 4V ^ 1*^ a. = -g- a j 

. *. multiplicand — (f + i) * tI ^9 
and multiplier « ; 

. *. product = ^ V ^ 

« V a. 

= 8 a. 6 p. 

Ex. 3. Multiply f of IR, by '25. 

Product = (I- *25) R, « R. 

= •15 R. 


Ex. XXXIL 


Find the value of# . ^ 


(1) £1. 6s. 7d. X f 

(2) £16. 13s. Bd. X f 

(3) £28. 7s. 7d. x 25. 

(4) 3Rs. 6a. 6p, x 

(5) 57Rs. 14a, lOp. x^l 

(6) 25Rs. 15a. Op. x -75. 

( 7 ) (4cwt. + fqrs.) x^. 

{ 8 ) djmd. 4 ifie^rt 

id) (£*5. 4 •5s.^ x - 
(10) (•3R. +16a.> * A' 
<.11) <iyd.+ift.)xf. 

<12) {i:02. + -ll».)x33|> 
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SECTION V. DIVISION OF CONCRETE FRACTIONS. 

192. Rule I. If the dividend is "wholly integral and tlj.^ 
divisor is an abstract fraction, reduce it to the form of an im- 
proper fraction, if necessary, and then divide the dividend by 
the numerator, and multiply the quotient by the denominator. 

Rule II. In other cases, reduce the dividend, and, if neces- 
sary, the divisor, to tht same denomination ; then divide as i’l 
the division of abstract fractions, and then find the value of 
the result, when it is a concrete number. 

Ex. 1. Divide £10. 6s. 6c?. by 
Ly Rule I, we have 
3) £10. Gs. Gd. 

£3. 8s. lOcA 

4 


£13. 15s. 4(?. 

Ilectso7i for the Rule, 

To divide a number by a fraction is to divide it by the 
numerator and then to multiply the quotient by the denominator 
(Art. 105), 

Therefore to divide the given concrete number by ^5., we 
divide it by 3 and then multiply the quotient by 4. 

Ex. 2. Divide of £1 by 

* By Rule II, we have 

T of T “ ^ 1^) “ 

• - 16s. 

Ex. 3. Divide £f + |s. by fd. 

By Rule II, we have 

(£|+4s:.)*r|-c?. 


120 


5 ' 


12 
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Ex. XXXIII. 

Find the vfdue of 


1. 

£10. 195. Ud. 

-i- 

2. 

£27. 105.* 

-f of lls. 

3. 

25Rs. 4a. 

-33|. 

4. 

17fRs. n 

4K3. 7a. 

5. 

9Rs. 15a. 

•6. 

6. 

15ft. Gin. 

3^. 

7. 

12ft. 8in. 

1-9. 

8. 

|ft. |in. 

1ft. 2in. 

9. 

llmds. lOsrs. 

Umd. 

10. 

Jcwt. Iqr. 

2cwt. Sqrs. 

11. 

lObus. Jpk. 

H- 

12, 

*5hrs. Imin. 

15'. 30". 


SECTION VI. CONVERSION OF CONCRETE NUMBERS. 

193. We shall here give some Examples of the coiiversioi: 
of concrete numbers expressed in units of one Table to thcii 
equivalents in units of another. 

The Rules given in this and the preceding Chapters will l»( 
sufficient for Qie purpose. 

Ex. 1. Convert £2521 9s. 9d. to Indian money, supposing 

IR. « 28. 

We have £1 * lORs. 

.'.£252 = 2520RS. 

9«. 4Rs. 8a. 

9d = = f R. * 6a. 

£252. 98. 9d. = 2524:Rb. 14a. 

Ex. 2. Convert 194Rs. 4a. to English mon^, supposing 
IR. - 2s. 

194^. = 38,85. = £19. 

Ja. a JR. =* ^8. a Grf. 

194Rs. 4a. = £19. 8*. 6d. 

Ex. 3. Convert 323 Sicca Bs. to Current rupees. 

Since 15 S. 'Rft. IGEs., 

1 S. R. a JfRs. j 
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and 325 S. Bs. » 325 x^Rs. 

65 X 16t. 


s= 346 Rs. 10a. 8p. 

Ex. 4. Convert 325Rs. to Sicca rupees. 

IR. = if S. R. 

325Rs. = if x 325 S. Rs. 

= 1H!s.Rs. . 

16 

= 304^1^ S. Rs. 

Ex. 5. Convert 8cwt. 2qrs. 16 lbs. to Indian Bazar weighty 
and also to pounds Troy. * 

8cwt. 2qrs. 1 6 lbs, = 968 lbs. ^ 

Now, 1 seer ==* lbs. Avoir. 

.*. 1 lb. Avoir. *■ ffseer, 

and 968 lbs. — 968x^4seers. 

121 x35 

* seers, 

= llmds. 30|^srs. 

Again, 1 lb. Avoir. = -1^ lbs. Troy. 

968 lbs. Avoir. = 968 lbs. Troy. 

21175,, « 

- -;r 5 — lbs. Troy. 

= 1176'^V^bs. Troy. 

Ex. 6. Convert 12inds. 15 seers to Factory weight, and 
also to Troy weight. 


12mds. ISsrs. 


12-J-mds. 

^mds. 


54 

ImiLo. jgFacto^md. 

Vmds. • ff X. 

B mds. 
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Again, 


= ISyfl^Factory maunilb. 
Imd. = 100fl)3. Troy, 

•j'mds, = y lOOlbs. Tmy. 


Troy. 

5 


= 1237ia)s. Troy. 


Hs. 7, Convert 2 sq. miles and 2 milus t > Boo 

bighas. 

2 sq. miles = 2 x 640 acres, 
and 1 acre =3^^^ l^ghs* 

= VV l>ghs ; 

/. 2 sq. miles =2 x 640 x bghs. 

= 32 X 121 bghs. 

=^3872 bghs. 

^gain, 2 miles square =2 x 2 sq. miles 

= 2 X 2 X 640 acres 
= 2 X 3872 bghs. 

= 7744 bghs. 

Ex. 8. Convert 27 bghs. 15 kathas of Bengal measure 
u> Benares bighas. 

27 bghs. 15 kths. — 27J bghs. =^-' bghs. 

= X 1600 sq. yds. 

Now, 1 Benares bigha =3136 sq. yds. ‘ 

/. 27 bghs. 15 kths. x 1600 - 5 - 3136 Benares 

bghs. 

X Benares bghs. 

= X Benares bghs. 

= 1 ^ 1 ^ X ^ Benares bghs. 

B Benares bghs. 

B 14^^ Benqres bghs. 

'Ex 9. How many sq. bighas'are there in 1 sq. kros? 

Since 1 kros ~ 8000 bands^ 

» linear bighaji. 

' /. 1 sq, kros f» 100 x 100 sq. bighas. 

8*10000 sq. bighas. 
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Ex. XXXIV. 

C’onvert 

1. 525 Sicca Rs. to current rupees. 

2. 630 Sicca Es. to current rupees. 

3. 1000 Sicca Rs. to current rupees. 

4. 100 Rs. 12a. to Sicca rupees. 

5. 250 Rs. 10a. to English money, supposing 1 R. = 2s. 

6. £ 15. 10s. to Indian money, supposing £1 =10Rs. 8a. 

7. 7 mds. 35 seers to Factory weight, and also to Avoirdu- 

pois weight. 

S. 1 md. 2 seers to pounds Troy, and also to pounds 
Avoirdupois 

9. 14 lbs. 7 oz. Troy to lbs. Avoirdupois. 

10. IG lbs. 8 oz. Avoir, to lbs. Troy. 

11. 21 sq. miles tobighas. 

12. 440 bighas 10 kathas to acres. 

13. 12 acres 3 roods to bighas. 

1^:^. 15 hrs. 15 min. to dandas, and 15 dandas 15 pals to 

hours, 

15. ^2 dandas 8 pals to hours, and 9 hrs, 10 min. to dandas. 

Miscellaneous Questions and. Examples. 

194. We shall now give some Examples depending 
on the preceding Chapters. 

Ex. 1, Find the value of 

iH±A)f 6 Bs. - ^ of 9a. of J2 Be .6a. 

•7 

The given quantity - 

* { 16 X (12 X 16 + 6) J a. 

» 402^ a. 

25 Bs. 2a. 6’3p. 
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Ex. 2. A man gives | of what he has with him to A ; | of 
what remains to B ; and 6 annas to C, and finds that he ba? 
1 K. 2a. left. How much had he at first, and how much 
did A and B each get % 

A gets J of the whole ; there is left 1 - J or I of the 
whole ; 

and B gets ^ of f or J of the whole, 

and then what is left = 1 - (J + J of the whole ; 

and this must be equal to what is given to C together with 

what is left after all ; \ 

i. c., 6a. + IR. 2a. = J of the whole sum ; 

. the whole sum = 2 x (6a, + IR. 2a.) 
a 3 Rs. 

Consequently A gets ^ of 3Rs. or 1 R., 
and B gets ^ of 2 Rs, or 8a. 

Ex. 3. Divide XI 45. 4«. among A, B^ and C, in such a 
manner that as often as A gets X3, B shall get £4, and C, £5. 

By the question, 

for eveiy sum of £ (3 + 4 + 6) or £12, A gets £3, B gets £4, 
and C gets £5 ; for every £1, A gets ^ of £1, B gets 
of £1, and C gets ^*of £1 ; 

and of the given sum, A gets B, yV> tV i ^ ^ 

A gets of £145. 4«. or £36, 6«., B gets ^ of £145. is, or 
£48. 8fi., and C gets ^ of £145. 4«., or £60. 10«. 

Ex. 4. Divide 590 Rs. among A, B, and <7, in such a 
manner that as often as A gets 3 Rs., B shall get 4 Rs., and 
as often as B gets 5 Rs., G shall get 6 Rs. 

For every 3 Rs. that A gets, B gets 4 Rs. 

1 R A B f Rs. 

•. share of A*s diare. 

Simil&ly C*B of Sb diare 

^ ab|. of of A's shave 
of il’a sbere. . 

■B • ^ V ^ ^ 

^’s libaxe +£’b Asiie+C'a share 

share -t-f of 4’s sfaAre f of 4*s share 
» (1 + f)of A’b idutn of ^’s diare. 
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But il’s share + B’e share + (Ts share 

= the whole sum to be divided, 
i.e., 590 Rs. 

*. of share = 590 Rs., 
aud.'.*i4*s share = 590 Rs. = 590 Rs. 150 Rs. 
Consequently B’s share 

=-| of -4*s share = f of 150 Rs. = 200 Rs. ; 
and C"s share =|-of A^s share =-f of 150 Rs. =240 Rs. 


Ex. 5. A can do a piece of work in 2 days, B can do it in 
3 days, and C in 4 days, working alone. In what time will 
they finish it working together 1 

In 2 days A does the whole work, 
in 1 day A does J of the work. 

Siriilarly in 1 day B does ^ 

and in 1 day C does | !. 

in 1 day A, B, C together will do J J of the work 


1 3 
Ta • 


in 12 days 13 times the work, 

and in of a day,.., the whole work 

Ex. 6. A can do half a piece of work in 3 hours, being 
twice as much as B can do ; and A^ B and C can together do 
the whole work in 2^ hours. Shew that C can do in 5 hours 
as much workt as B can do in 9 hours. 


Here^ iu 1 hr. can do of of the work 

^ ori 

and B J of ^ or 

in 1 hr. il and B together can do T + or J of the^work, 
and in 1 hr. and C together can do 
12 

^r=t)r-r of ^oA 
6 

.* C can do I- - J 

in 6 hm. O 5 x ^ or | 

and in 9 fare. B .........9 ■ 

C can db in 5 HKIm irork aa do in 9 hrs. 

Ex. 7. .If an area of t200‘a|Mfe.iB'to be idastered adth a 
mixture of 3 parts of 'Portiand cement^ 3 ports of sand, and 
1 part of lii^ snppodng 1 ft. to < require seers of the 
mixture, how nat^ of each ingredient wQI be required i 
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The total quantity of plastering mixture^equired = 1200 x 
seers = 1200 x x mds. *= iOmds. 

Now, in the mixture, the whole no. of parts =3 + 3 + J= 7 
and of these 3 are Portland cement, 3 sand, and 1 lime ; 

/. the quantity of Portland cement 

of 40 mds. — 17 mds. 5|- seers ; 
the quantity of sand = f of 40 mds. 

= 17 mds. seers, 
and lime =4^ of 40 mds. 

^ = 5 mds. 28f seers. 

Ex. 8. An insolvent debtor owes three creditors A, B and 
Cy 4000 Rs., 5000 Rs., and 7000 Rs. respectively, and his 
assets amount to 2000 Rs. ; how much does each creditor get 
and what do they get in the rupee % 

The debts amount^to (4000 5000 + 7000) Rs. or 16000 Rs. 
each creditor, gets R. or ^ R. or 2a. in the rupee ; 

and A gets i of 4000 Rs., or 500 Rs. ; 

B gets ^ of 5000 Rs., or 625 Rs. ; 
and O gets ^ of 7000 Rs., or 875 Rs. 

Ex. 9. A corn-dealer has a mixture of 3 mds. of gram at 
1 R. 10 a. a maund, 4 mds. at 1 R. 12 a. a maund, and 
5 mds. at 1 R. 14 a. a maund. At what price must he sell 
the mixture (1) in order to secure a profit of 3.Rs. ; and (2) 
in order to secure the cost price after keeping 2 mds. for his 
own use ? 


R. a. Rs. a. 

3»md3. at 1 10 cost 4 14 

4 1 12 ... 7 

6 1 14 ... 9 6 

12 mds. cost 21 4. 


(1) To secure a profit of 3 Rs., he must sell the 12 mds.^or 
21 Rs. 4 a. + 3 Rs. or Rs. 4a.; 

selling price per maund = 24 Ra. 4 a. -r 12 
41 f =2 Rs. 0 a. 4 pies. 

(2) After keeping 2 mds. for his own use, he must sell the 
remaining 10 mds. for 21 Rs. 4' a. ; 

selling price per maund = 21 Rs. 4 a. ? 10 * 
c»2 Rs. 2 a. 
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Ex. 10. A cistern has 3 pipes B, and C. A and B can 
fill it in 3 and 4 hours respectively; and 0 can empty it in 
1 hour. If these pipes be opened in order at 3, 4, and 
5 o’clock, when will the cist^ii be empty 1 • 

In 1 hour A can fill -I of the cistern, 


and 0 can empty the whole of the cistern ; 
at 5 o’clock, 

A being open for 2 hours has filled | of the cistern. 

B 1 hr. i 

i. e., at 5 o’clock, -l + i tt cistern is full. 

Now after 5 o’clock A and B together tend to fill 4- -hi or 3 ^ 
of the cistern every hour, and 0 tends to empty the whole 
cistern per hour ; 

A, B and 0 being open at the same time, the rate of 
emptying is 1 - or 3 ^^ of the cistern per hour ; 

of the cistern being the portion that was full, will be 
emptied in -r 

i.e., in Y hrs, or 2 hrs. 12 \ 

Hence the cistern will be empty at 5 hrs, + 2 hrs. 12 '’or 
12 ’ past 7 o’clock. 


Ex. XXXV. 


I. 

J . How far is the silver coinage a legal tender in England 
and in India, and what is its standard fineness in each of the 
two countries ? • 

Find the value of a rupee in shillings, taking into account 
only the weight of pure silver contained in each. 

2 . A creditor in reoeivmg payment of a certain amount of 

money in the silver coinage of India, finds that the weight of 
pure silver it ooa|^i[^:is exac% 2f milYfnds. What is the 
amount received ? . r ^ ‘ * 

3. Wba,t are the weights’of silver in 1000 rupees and 
in 2000 shillings 1 

4. CmrSt 5^25 Sicca rupees into curreni rupees, and also 
into English money, ^ la IQd. per rupee. 
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5. A person inherits of an estate yielding 6250 Rs. a 
year. What is the asumal inoome of his share, and what is his 
profit, if the Govemmeiit revenue payable for the whole estate 
is 1050 Rs., and the cost of collection, 10 Rs. for every 
1 00 Rs. of income realized ] 

6. ‘ A person owns 5 annas 4 pies share of a zemindar! 
yielding an income of 6525 Rs. a year, and he subsequently 
purchases a 2 annas 13 gandas, 1 cowry, 1 krant share of the 
same. What fraction of the estate does he now own, and 
what is the income of his share ? 

IL 

1. What is the Imperial Standard Yard, and how may it 
be recovered if lost % 

How many sq. yards are there in an acre, and how many 
in a bigha 1 

Convert 1 sq. mile into bighas, and 600 bighas into acres. 

2. A person starts from a certain place and walks at the 
mte of 2 miles an hour. After 2^ hours, another person starts 
from the same place, and walking at a certain rate overtakes 
the former at the distance of 25 miles from the starting place. 
At what rate does* the second person walk ? 

3. A owns 7 of a zemindar! which contaiuo 8225 bighas. 
He sells ^ of his share to and *5 of what remains to C. 
What sh^e of the estate does he still own, %nd how much 
land does that share contain ? 

4. What fraction of a sq. mile is an.acre, and what frac- 
tion of an acre is a bigha % 

5. What decixnal of a'mile is a chain, and^ what fiction 
a mile is a yard f ^ 

6. In the Th^bust ^ich is 16 Ihches to the mile, 
how many feet doee an tiieh represent, and" wheat fhtetiph ^of 
an inch wlH repregeni 

1. In a ^taih district, the road cess is levied at the rate 
of one-half of an anna for eveiy rupee ofirent reaEz^ from an 
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estate, less a deduction at one half of the said rate for every 
rupee of the revenue payable in respect thereof. What would 
be the amount of road cess leviable on an estate of which the 
gross rental is 8975 Rs. and for which the revenue pay- 
able is 3520 Rs. 1 

2. An insolvent debtor whose debts amount to 150000 Rs., 
has assets just sufficient to pay his creditors 7 a. in the rupee. 
Find the amount of the assets. 

3. Divide £3500 amongst A, B, and O, so that as often as 

A gets £2, B shall get £3, and as often as Bgets £4, C shall 
get £5. ♦ ♦ 

4. Divide 790 Rs. among A; B, and C, in such a manner 
thaf share shall be ^ of A's, and (Ts share ‘3 of B*s. 

5. What is the Imperial Standard Troy Pound, and how 
may it be recovered if lost 1 

What fraction of a maund is a pound Troy, and what frac- 
tion of a hundredweight is a maund ? ^ 

6. A grocer bought sugar of a certain quality at 12 Rs. 
4a. a maund, and twice the same quantity at 13 Rs. 
a maund, and by mixing the two together and selling the mix- 
ture at 12 Rs. 14a. per maund made a profit of 12 Rs. 8 a. 
How much sug€ur of each kind did he buy ? 

* 17, 

1. Find the value of 

— 13 R8. + -3 of 2a. - -125 of la. 

2. A can do a piece of work in 4 days working 7 his. a day ; 

B can do it in 4 days working 6 hrs. a day ; and 0 and A cau^ 
together do it in 2 days working 4 hrs. a day. In how^ 
many days will A, B^ and 0 together ^finidi the work by 
working 1 hr ^ day J 

, 3.,7;How i^ny mvx^apms w^^^ a carrii^e 4 ft. 

3 in. in diameter, makei in goii^^^ a |i^|> 08 ing the cir- 
cumference of a circle to lie 3*tll9 x diamelSBrI 

4. Hovr much land at 60 Bs. a katha piust be given in 
exdumge for 3 bighas 10 kathas M land: sat 85 Rs. a katha, 
together with a btdlding cm it wmrth 3500 Rs. t 



188 


THE ELEMENTS OE ARITHMETIC. 


5. How maDy yards of oloth at 6a. per yard must be given 
in exchange for 16 yards of silk at 6 Rs. 4 a. a yard ? 

6. How much of a maund is *3 + *5 + IT of a cwt. 1 


V. 

1. A cistern has three pipes A, By and (7. A and B can fill 
it in 4 and 3 hours respectively, and C can empty it in 2 hours. 
When will the cistern be exactly full if the pipes are opened in 
order at 1, 2, and 3 o'clock respectively 1 

2. Ay By and C Qp.n respectively do a piece of work in 12, 
9, and 6 hours respectively. A and B together work for an 
hour and then B goes away. How long will A and C take to 
finish the remaining portion of the work 1 

3. Give the length of the solar j^ear, and the average length 
of the Julian year ; and find the difference between the two. 
In how many years would this difference amount to a day ? 

4. The 1st of January 1872 was a Monday, How many 
Sundays were there in that year, and how many Saturdays 
in the month of August of the same year ? 

5. What fraction of a kros is a mile, and how many 
Jojans are there between the Moon and the Earth, a distance 
of 240000 miles ? 

6. Light travels at the rate of 192000 miles a second, and 
sofind, at the rate of 1142 feet a second. What time would 
intervene between the seeing of the flash and the nearing of the 
report of a gun fired at the distance of 2^ miles ? 

VI. 

1, What are the advantages of the Metric System of 
Weights and Measure % 

How .many grains are there in a seer of Bazar wei^t,^ and 
in a seer under the Indian .^eights and Measureiirof Opacity 
Act 1871 ^ 

2, What decimal of an. EngKsh mile is a kilometre 1 

3, A pedestrian who walks at the rate of 2^ miles an hour, 
sets out from a place A for a place B, a distance of 66 miles, at 
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the same time that another pedestrian who walks at the rate of 
88 yards a minute sets out from B for A. Where will they 
meet, and how long after starting ; and how much earlier ought 
the former to have started in order to meet the latter midway 
between A and B f 

4, A and B can respectively finish a piece of work in 4 
days of 9 working hours each and 3 days of 8 working hours 
each. In how many days will they finish the work if they 
work together 7 hours 12 minutes a day? 

5. A person lays out £45 in spirits at 7s. 6d. a gallon. He 
adds water to it, and by selling the mixture at 7«, a gallon, 
finds that he has made a profit of one shilling for every 
pound of his outlay. How much water did he add ? 

G, The 1st of January fell on a Monday in 1877, When 
will it fall on a Monday again? 
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CHAPTER V. 


SQUARE AND CUBIC MEASURE. DUODECIMALS. 

SECTION I. SQUARE AND CUBIC MEASURE. 

1 95. Dbf. The Area of any figure is the quantity of sur- 
face contained in it. 

An area is measured by the number of times that it con- 
tains another known area w^hich is taken as the unit of area. 
We hsive seen in Art 148, that the ordinary units of area of 
several denominations, viz,, the square inch, the square foot 
are the areas of the squares on the ordinary units of 
length, viz., the linear inch, linear foot, &c. 

196, Def. a Rectangle is a four-sided figure having i^s 
opposite sides parallel and contiguous sides at right angles 
to each other. 

Any side of a rectangle may be called its length and the 
contiguous side, its breadth.. 

Prop. I- If two rectangles have the same length, the area 
of the one will be the same fraction of that of the other, that 
the breadth of the former is of the breadth of the latter. 

Let ABCD and ABEF be two rectangles having the same 
length AB, and let AF AD. 

Divide AD into 3 equal parts D 
AG, GF, FD ; then AF will con- 
tain two of the^ parts. Now F 
drawing the line jQH 

as in the figntey the ref^digle G 
ABCD is divided into S eqpal 
rectangles whereof ABBSP* con- 
tains two; and 
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*.• ABCD 3 times ABHG, 
and ABEF 2 times ABHG^ 

. ABEF = 4 ABCD. 

Similarly the Proposition can be proved in other cases. 

Prop. IT. If the length and the breadth of one rectangle 
be certain fractions of those of another, the product of these 
fractions indicates what fraction the area of the former is of 
that of the latter. 

In the above figure, 'let ABCD and AKLF be two rectangles, 
and let AK = ^ AB, AF AD. Then by the preceding 
Proposition, AKLF = J ABEF 

= A of I ABCD. 

= ^ ABCD. 

197. Prop. Taking the square on the linear unit as the 
superficial unit, the number of superficial units in a rectangle 
^ the number of linear units in the length x the number of 
linear units in the breadth. 


Let ABDC be a rectangle. ^ 

First let the number of i 

linear units in each of the 
sides be integral,, say 4 in 

AB and 3 in ^C. Then • • 

drawing lines as in the figure, 
the rectangle ABDC is divi^,- 

ed into a number of equal'll ^ ^ : 

horizontal slips equal to the number of linear units in AC ; and 
each horizontal slip into a number of equal squares or 'units of 
superficial measure equal to the number of linear units in AB } 
and the numbef of superficial units in ABDC 

- the number, of horizontal slips 
c ' Xc the numW of Muares in eadi slip 

B the number of Imear-^hits iu the: breadth 
• X the number of linear units in the length 

• 3x4. ^ 
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C n__d 

Nextlet the numbers ; * 

involve fractions, and -pi 

let AB contain 3^ and . : M 

AC 2§ linear units. In ^ i 

AB, AC measure off . ‘ 

parts equal to the linear E ....... 

unit; and draw lines 

through the points »of *5 

division as in the figure * ' 

A G H K”" B 

Then AE * EF = AG =?= GH = HK = the linear unit, 

FC = f linear unit = NO, 

KB= i =OM; 

and each of the 3 small rectangles in CFON = * of super 
ficial unit, as it has one side equal to a linear unit and the 
other to |: of linear unit (Art 196, Prop. I). Similarly each 
of the 2 small rectangles in BKOM=^of superficial unit. And 
the small rectangle MOND=«|-xi of superficial unit, as it 
has its side ON = | linear unit, and side OM = i linear unit 
(Art. 196, Prop. II). 

Hence, the no. of superficial units in AFOK =3x2, 

CFON =3xf, 

BKOM =2xi 

.....MONO =1 xi ; 

adding, the no. of superficial units in - 
AFOK + CFON + BKOM + MONO 
. «. e., the no. of superf. units in ABDC 
= 3x2 + 3x| + 2xi-i-* xi 
= 3x(2+|) + ix(2+|) 

= C3 + -i>x{2+|) = 3ix2f 

- Similarly the Proposition can be proved in other cases. 

This Proposition is sometimes briefly stated thus ; — 

Area of a rectangle = length x breadth. 

Thus, if the sides of a rectangle are 3 ft. and 4 ft. 
its area = 3 x4sq. ft. 

198. In the preceding Ali^icle, it niay appear that we have 
multiplied one concrete number 3 ft. by another 4 ft.* and 
got 12 sq. ft. for the product. But in reality that is not so. 
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What wc have multiplied together are the abstract numbers 
3 and i ; and it so happetis only from the nature of things, 
that this product 3x4 represents the number of square feet 
in the rectangle whose length and breadth are 4 ft. and 3 ft. 
respectively. 

•It is only in this sense that we are to understand ex- 
pressions such as these ,* — 

Feet multiplied by feet give square feet. 

Inches inches inches. 

Ac ifec (kc. 

199. A rectangle 5 ft. by4 inches=syy of a rectangle 5 ft. 
Ixy 4 ft., 

*.* 4 inches the breadth of one‘*^|v ^ the breadth of 
the other (Art, 196, Prop. I). 

Hence 5 ft. x 4 in. of 5 X 4 sq. ft. : and so in other 
eases. 

200. In the Bengal superficial measure, 

1 linear bigha x 1 line» bigha = 1 sq. bigha, 

1 bigha X 1 katha 

*1 ....Ingha X of 1 bigha of 1 sq. bigha 

= 1 sq. katha. 

1 katha x 1 katha 

= ^ of 1 .,.. bigha X 1 katha — of 1 sq. katha 

= 1 dAooi, 

The Bengal method of finding areas will be seen &om the 
following Example : — 

Ex. Find the area of a field 5 bighas 4 kathae by 4 b|ghas 
S kathas. 

bg^s. fctbe. 

5 4 ^ . 

4 /' 8 

. V20 16 

2 ^ 1 12 
* 22 17 12 

The area is 32 sq. ^gh.s 17 sq, kths. 13 dhools. 
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The reason is oWiovtB. 

4 bghs. X 6 bghs.s 20 sq. bghiiC 

4 bghs. X 4 kths. « 16 sq. ktbs. 

5 bghs. X 8 kths. » 40 sq. kths. « 2 sq. bghs. 

8 kths. X 4 kths. m 32 sq. dhoolB« 1 sq. k^. 12 sq. dhools. 

201. Bsf. The YoLUMi: of a solid is the quantity of space 
having length, breadth, and thickness, that it contains. 

The volume of a solid is measured by the number of times 
that it contains some other known volume which is taken as the 
unit of volume. We have seen in Art. 149, that the ordinary 
units of volume of several denominations, ifiz., the cubic inch* 
the cubic foot, ^c., are the volumes of the cubes having foi 
their edges the units oi^length, viz,, the linear inch, the 
lin ear foot, Ac. ^ 

202. Def. a BsCTAEGULAn PAllAiXELOFlPED is a SOlid COU' 
tained by, sixirectangles. 

Any three contiguous edges of a rectangular parallelopiped 
may be called its length, breadth, and thickness respectively. 

Prop,' The volume of a rectangular parallelopiped == length 
y breadth x thicknesa 

This can be proved in a way similar to that given in 
Art. 149. 

203. Areas and' Tdlumes are found ^ reducing the 
len^B, breadths, and thicknesses to one aa4the same denomin- 
ation, and then performing the necessary multiplications, 
as will be seen from the subjoiae4 Examples. 

Ex. 1. Find the area of a rectangular court-yard 24 ft. 
6 in. loi^ and 15 ft. 3 in. broad. 

. The area.. (24 ft. 6 in. ) x (15 ft. 3 in.) 

- (24|. X 15i) sq. ft.- y X V Bq. ft. 

- sq. ft. - 373^ sq. ft. 

^ —373 sq. ft. 90 sq. in. 

Ex. 3. I^d the T(dnm 9 of aenbe whose edge is 2 ft. 3 m. 
2 ft. 3 in.-2^ft.-f ft.; 

the T<dnixte— f f x f'cnb. ft. ' 

- W cnK A 

-llflealkA 

- 11 ottb. A 376 ontf. In. ' 
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The above Example may also be worked thus 
2 ft. 3 in. a> 27 in . ; 

. the volume » (27 x 27 x 27) cub. in. 
s 19683 cub. in. 
a 11 cub. fL 675 cub. in. 

Ex. 3. What length must be cut off from a plank that is 
ft. 3 in. broad, in order that it may contain 1 sq. yd. I 
Since areas length x breadth, 


length' 

and the reqd. length 


area . 
SfeadS^ 
1 sq. yd. 
1 ft. 3 ip. 
9 X ± ft. 


_ 9 sq. ft. 

liET 
*7 ft. 2| in. 


Ex. XXXVL 

1. Find the areas of the following rectangles 

(1 ) 2 ft. 3 in. by 1 ft. 6 in. (2) 3 ft. 6 in. by 2 ft, 9 in. 

(3) 4 ft. 3 in. by 3 ft. 6 in. (4; 5 ft. 9 in. by 4 ft. 8 in. 

(5) 6 ft. 4 in. by 5 ft. 6 in. (6; 7 ft. 8 in. by ] ft. 4 in. 

2. Find the volumes of the following rectangular parallelo- 
pipeds 

(1) 2 ft. 3 in. X 1 ft. 6 in. x9 in. 

(2) 3 ft. 6 in. X 2 ft. 3 in. X 1 ft. 3 in. 

(3) 4 ft. 3 in. X 2 ft. 8 in. X 1 ft. 

(4) 4 ft. 9 in. X 3 ft. 6 in. X 2 ft. 

3. A room is 18 ft. 6 in. by 15 ft. Find the area of its 
floor, and the length of carpet yd. wide^ that will be re- 
quired for carpetii^ the sama * 

4. Azoom is 21 ft. 3 in. by 12 ft. 6 in. Find the area of 
Hs floor. Find also theiesgtti cf another loom contfdning the 
same area, supposing its breuth to be 10 ft. 

5. Find solid content o/afaiickf that Js 10 in. long, 
5in. broad, 2| in. thick, and aliio thU of a WSU that is 20 ft 
long, 10 ft 0 in. hig^i and 2 ft, 
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6. Find the areas of the following rectangular fields 

(1) 2 bghs. 8 kths. by 1 bgh. 10 kths. • 

(2) 3 bghs. 10 kths. by 2 bghs. 5 kths. 

(3) 4 l^fas. .by 3 bghs. 8 kths. 

(4) 5 bghs. 6 kths. by 4 l^ha. 15 kths. 

(5) 10 bghs. 10 kths. by 1 bgh. 14 kths. 

(6) 12 bghs. 10 kths. by 3 bghs. 8kths. 

SECTION II. DUODECIMALS. 

204. Besides the method given in the Art. 203, there is 
another method of finding areas aid volumes, called the method 
of Duodecimals or Cross Multiplication, which is generally 
employed by painters^ brick-layers, <fec., in measuring work. 

In this method, the successive linear units are, Feet, Primes, 
Seconds, Thirds, <fec., and are so connected that a unit of any 
denomination is yV ^ higher denomination. 

Primes, seconds, thirds, <kc., are indicated by the accents 

", <5ro., placed above the numbei’s, a little to the right. 

It is evident that primes are the same as inches. 

The successive superficial units in this method are super- 
ficial feet, primes, seconds, thirds, <fec., and are so connected 
that a unit of any denomination is of ft unit of the next 
higher denomination. They are indicated in the same way 
as the linear units. 

The successive solid units are solid feet, primes, seconds, 
thirds, &c. They are connected and indicated in the same way 
as linear or superfiejial units. 

205. Hence, by Art. 196, 

1 ft, X V «lft. x^oflft.*-^ofl sq.ft. «cl'rfs(Juare measure 

1 ft, xl" l-sq.ft.«l8q.fti, -l'^ 

1 ft. X of 1 sq. im 

1* xl'^lsq-in. , * ' =1" 

V X I'' of 1 sq, in. 

Similarly (by Art. 202), 

edid.t:....,. 

Isqift. X I'*' 1 cub. ft.; 

I sq. ‘ 

r(8U^rf.) X 1 cub^ ft, 

l'.„. ........ xl' «... 
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It will be seen that the denomination of every product is 
indicated by the sum of the accents of the factors, the number 
of accents in feet being regarded as 0. 

206. We shall now give the Eule for finding areas and 
volumes by the above method. 

Rule. Write the terms of the^multiplier under the corre- 
sponding terms of the multiplicand. Multiply every term of 
the multiplicand beginning with the lowest, by the highest 
term of the multiplier, divide each product ( except where it 
is of the denomination of feet) by 12, carry the quotient to 
be added to the next product, and put down the remainder 
under the denomination indicated by the sum of the accents 
in the factors. Proceed in this way with every successive term 
of the multiplier, placing the partial product corresponding 
to each term, below the preceding partial product. Add up 
tlie several denominations of the partial products, cariying 1 
for every 12. The sum will be the product required. 

Ex. Multiply 3 ft. 9 in. by 2 ft. 7 in. 

By the Rule we have 
3. 9' 

2. 7' 

. 7. 6' . • 

2. 2. 3^^ 

9. 8' 3" 

The reason for the Eule will be seen below. 

It is evident from Art. 205, 

that 2 ft. X 9'^ 18' (superf.)« 1 sq. ft. + 6' 

2 ft. X 3 ft. ♦ =6 sq. ft. 

3 ft. 9 in. X 2 ft. «7 sq. ft. + 6'. 

Again 7'x9' -63' « (60' + 3") -5' + 3" 

, 7'x3iit.«21' -1 sq. ft. +9' 

3ft. 9'x7'«lsq.ft.«'-t5V3''-2sq,ft.2'.3''* 

.\the reqS. jnr^udi«^7 aqJt. €'+2 3^«p98q. ft. 8*. 3^ 

The resQltrhay be expf^dsai^ inliq.^^f^ 

9 sq. ft. 8*. y .• 9 sq. ft; 

-^9 ft; 99 sq. In* 
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207. The above method is called the method of Duodeci- 
mals, because the number twelve ( duodedm in Latin ) forms 
the basis of connection between successive denominations; and 
it is also called the method of Gross Multiplication, because 
the multiplication is performed in a cross order, i. e., whereas 
we begin with the highest denomination in the multiplier, we 
begin with the lowest in the multiplicand. 

Ex. XXXVII. 

Find by Gross Multiplication the areas of the following 
rectangles : — 

1. 2 fb. 9 in. x 1 ft. 3 in. 2. 3 ft. 4 in. x4 ft. 8 in. 

3. 3 ft. 8 in. X 5 ft. 9 in. 4. 5 ft. 9 in. x 6 ft. 

5. 6 ft. 7 in. X 7 ft. 8 in. 6. 6 fb. 8 in. x 7 ft. X in. 

7. 8 ft. 9 in. X 6 ft. 11 in. 8. 12 ft. 11 in. x 4 ft. 6 in. 

9. 9 ft. 9 in. X 3 ft. 5 in, 10. 10 ft. 10 in. x 5 ft. 5 in. 

Miscellaneous Questions and Examples. ^ 

203. We shall here give some Examples depending upon 
this and the preceding Chapters. 

Ex. 1. What is fhe cost of building a wall 24 ft, long, ^ 
14ft. high, and 2 fb. 3 in. thick for the first 4 ft. of its height, ‘ 
and 2 ft. thick for the remainder, at 22 Rs. 8a. per 100 cub. 
ft. ? An(Lhow many bricks will be required supposing each 
brick to be 9 iu. X 4 in. X 3 in 1 
The volume of the wall 

»24 ft. x4ft.x2ft. 3in. + 24ft. xl0ft.*x2 ft, 
a (24 X 4 X f 4- 24 X 10 X 2} cu^ ft. 
a 696 cub. ft. 

AK 

TSoyr, 100 cob. ft. cost 22 Bs. 8a. ; 

1 cob. ft. win oost^ -i- 100 or ^Bs., 

aad the watt win eoet 696 x^Ba. 
i, or 166 Bs. 9a 7i p. 
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Again, the no 


of bricks reqd. 
volume of the 


wall 


volume of 
696 


12 1*T ^ tV 
= 11136 


a bnck 
696 X 16 


E\ 2 A rectangular tank, 1 bigha 10 kathas m length 
and 1 bigha in breadth, has a rectangular gravel walk 4 cubits 
bioad aiong its sides, at a distance of 2 cubits fro:|j^ each side. 
F’ud the cost of graveling the walk, at the rate of IR pei 
1(>0 sq ft.^ ^ 

Let A£CD be the tank, *so that AB*1 bgh., BC«1 bgh 
10 kth., and let ^he space between EFGH and IKLM be the 
navel ^alk. Then area of the gravel walk 
~ rtctaagie IKLM — rectangle EFGH# 



NowEF ' « AB -t* 2xdiBt. of the walkfiRUitlietMik 
80 2 » 2 cabits 

» 84onfaita « 128 ft ; 

* «ad FO * VB0-1-2X diet c^^Oeiralkfiram thetank. 

. <120-^4) <pbM»-186a. 

Agaia IK « EF-f 2 xbreadA ofthe traOc 
. I2IA. * 
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and KL « FG + 2 x breadth of tlic walk 
« 186ft. + 12ft. -.198ft 
Therefore area of the walk 

« IKxKL-EPxFG 
» (138 X 198) aq. ft. - (126 x 186) sq. ft. 

=* 3888 sq. ft „ 

Now^the cost of graveling 100 sq. ft. = 1 R,, 

..r, »..l sq. ft 

and ,* 3888 sq. ft. x 3888 Rs. 

♦ = yj Rs. 

*381|-R8. 

*38R8. 14a. Ifp. 

Ex. 3. Find the price of a beam 15 ft. long^ and 7 in 
X 5 in. at its end, at 1 pice per 1 ft. x 1 in. x 1 in. 

The volume of whichiithe price is 1 pice 

** lin. X lin. xl^ = lxlxl2 cub. in. « 12 cub. in. 
The volume of 1 foot of the beam 

7 in. X 5 in. X 1 ft. » 7 X 5 X 12 cub. in. 

-.35 X 12 cub. in. 

«35 X the volume of which the price is 1 pice. 
Therefore the price of 1 foot of the beam 
a 35 pice « 8 a. 3 pice, 
and .*• the price of the whole beam 
8 15 X 8 a. 3 pice. 

»8 Rs. 3 a. 1 pice. 

Ex. 4. What length must be ent oiF from a plank that is 
9 in. wide in order that it may contain 1 sq. yard? 

The area of the plank is required to be 1 sq. yd., and its 
breadth is 9 in. 


Now length x breadth » area 
length- 

lengm bmdth* 


nd <*. th- n^d. iMgth 

1 

■ hi. 


9i*5E.lfc 
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Ex. 5. Find the expense of painting the walls of a room 
24 ft, in length, 15 ft. in breadth and 12 ft. in height, 
at 4 a. per sq. yd. 

The area of 2 of the walls = 2 x length x height 
^ = 2 X 24 X J2 sq. ft. 

the other 2 w^alls = 2 x breadth x height 

= 2 X 15 X 12 sq. ft. 
the whole area to be painted 

= ^576 + 360) sq. ft. 

= 936 sq. ft. t 
= 104sq. yd. ; 

and .*. reqd, expense = 104 x 4 a. 

= 20 Ks. 

Ex. 6. A piece of land measures 6 bgh. 5 kth. in length, 
and 3 l^b. 18 kth. in breadth: find its area in the 
Bengali method, and its price at 80 Es. per katha. 
bgh. kth. 

6 5 

3 18 

18 15 

6 12 10 dbo ols. 

area = 24 bghs. 7 kths. 10 dhools. 

Now price of 24 bghs. » 24 x 20 x 80 Ks. = 38400 Rs. 

‘ 7 kths. =7x80 Rs. = 560 Ks. 

10 dhools X 80 Rs. = 40 Rs. 

total price ^39000 Rs. 

Ex, XXXVIII. 

1. Vhiexi one number is multiplied by another, the latter or 
the muttipH^ must be an attract number. Shew that 
except3oiis to this rule are only apparent and not real. 

Find the value of 2 mds. 16 seere of sugar at 5 a. 6p. a 
seer, and explain de^ly the, steps of your proc^,^ 

^ What jJo you the rect- 

angle is e^a]/ ^ ^ px^o^ct of ^ «Ud^ the altitude 1 
IBus^teyow meani^^ ^ i ^ 

Find tlib ie^ea cl a bghs., 

10 kths. bipad. ' f' V 
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3. * What will be tke cost of painting the four walls of a 
room, whose lei^h is 18 ft.| breadth 9 ft. 6 in., and height 
10 ft., at Is. a sq. yard f 

4. A house contains 6 rooms ; each room has 3 windows ; 
each window^is 7 ft. in height and 3 ft. 6 in. in breadth. 
Find the expense of painting the windows, at 1 anna a sq. foot. 

5. A rectangular piece of land 5 bghs. 10 kths. long, 
contains an area of 22 sq. bighas. What is its breadth ? 

6. A piece of land measures 18 kths. by 16 kths., and 
contains a small tank 90 ft. by 48 ft. What is its value, if 
the area covered by the tank is worth 60 Bs. a^katha, and 
the remainder, 125 Es. a kathaf 

7. Find the expense of paving a rectangular court 24 ft. 
long and 18 ft, broad, at 1 B. 4 a. per sq. cubit. 

8. A gentleman promenading in a veranda observes that 
in the time between his leaving an end of the veranda and 
coming back again to it, the minute, hand of a clock passes 
exactly from one minute mark to the next. After pacing to 
and firo for 20 minutes, he finds that he has walked half a 
mile. What is the length of the veranda 1 

9. On baying a rectangular piece of land, the purchaser 

fouud that if the price he paid for it, were' converted into eight- 
anna pieces, and the amount spread on the land in rows in 
contact with one another, it woiud have just covered the land.^ 
What was the price per katha, supposing an eight- anna piece 
to be 1 in. in diameter ? - 

10. The cost of carpeting a room, 15 feet broad, with carpet 

^yd wide, at IB. 4a. a yard, is found to be 90 Bs. * Find 
^e length ef the room. . 

IL A rectangular courtyard 16Q cuMts 30 cubits 

broad, has a i^dk within it along its ^bgadv, 4 cubits , wide- . 
Find the cost ivf paring the walk with Ghunar stone at 9a. 6p. 
per sq. foot. ' ' 

12. What time wai a taSway train, 180 yards longi wd 
moving at the rate WlO miles im hour, jialm in f«ni^ 

a bridge 40 yards hntgf " " J 

13. What k the sdBd emilsii^ ofa&lmperal>,£^^ 

Img 3fombiwad,aiid 2fiN^ ; ^ 
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14. * The interior of a barrack^ 200 feet long and 20 feet 
broad, accommodates 50 soldiers, giving 1000 cub. feet of air to 
each. Find the height of the barrack from the floor to* the 
ceiling. 

15. A hall is 24 feet long and 18 ft. broad. How many 
chairs, each 1 cubit long and 1 cubit broad, will it contain, if 
{^ranged in rows along its length, so as to leave an open space 
of 2 cubits in the middle, and a passage 1 cubit wide in front 
of each row of chairs % 

16. How many bricks, each 10 inches long, 5 inches broad, 
and 3 inches thick, will be required for 'building a wall 10 feet 
long, 5 feet high^ and 2 feet thick ; and what will be the cost 
of the bricks at 9 Hs. 8a, per 1000 1 

17. How many beams each 12 feet long anj^ measuring 
7 inches by 5 inches at thaend, can you get out of a piece ' 
of timber 36 feet long and measuring 2 feet 11 inches by 
I foot 9 inches at its end 2 

18. Find the volume of a cube whose edge is 3 feet 
6 inches. 

19. In a railway train, there is a certain number of 
passengers in the first class, twice as many in the second 
class, and six times as many in the third. Each passenger 
in the first ' class has to pay la. 6p. per mile, each in the 
sric^d class, 9p. per mile, and each in the third, 3p. per 
mile. How many passengers are there in each cl^s, 
supposing the sum total of the fiures to amount to 9 Rs. 
amilef 

20. A square whose side is 240 yards, has A road 40 feet 

broad danjg its sides. What is the cost of repairing the road, 
at 3 Bs, lO^sq. fiaett 
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CHAPTER VL ^ 

PRACTIOR 

209. Def. FbSactice is a short method of finding hj means 
of aliquot parts the -value of things from the given price of 
a unit of any denomination. It is called Simple or Compound 
•according as the quantity %f the things is or is not given 
wholly in the denomination of the unit. 

Examples of Practice are worked out in the following 
maimer. 

1. SI3IPLE Practice. 


Ex. 1. Find the value of 372 things at 12«. 7}d, each. 
Supposing each thing to be worth £1, 
the values* £372. 


the value at 10«. each»l of £372 


£. 

= 186 . 

t. 

0. 

d. 

0 


= 37. 

4. 

0 


...25. 

« 9 . 

6 . 

0 

1^. —-J. 

...6d. 

2 . 

6 . 

0 

value at I2a 7^d. 


»234. 

16. 

6 


The operation is usually written thus : — 



£. 

a. 

d. 

10a =i of £l 

372. 

0. 

0 . » value at £1 each 

2fi. 

186. 

0. 

0 • » 10a. 

6d.-iof 2#, 

37 , 

4 . 

0 2*. 

l^d. =i of 6<f. 

9. 

6. 

0.- .....6<f.;.... 


2. 

6. 

6 


£234. 

16. 

T. = .. ....12*..7id 


Ex. 2. Find the cost of 325 things at 9 at 2 pice eaeSx ) 


I Bs. a. p. 

8 a. of I R ^325 0 0 «*eost at 1 R eacK 

1 a. of 8 a#.j, 162 8 

2 piee *s*J- of 1 a, . 2K) * 5 / Oi*® 

i 10 2 

Rb. 192 IS ,,....9*. 
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11. Compound Practice. 

Ex. 1. Find the value of 18 cwt. 2 qrs. 16 lbs. of sugar at 
£2. 8s. 6c?. per cwt 

The value of 1 cwt being £2. 8s. Gc?., £ s. d, 

the vjflue of 18 cwt =»43 , 13 . 0 

the value of 2 qrs. the value of 1 cwt. = 1 . 4 . 3 

14 lbs. =1 2 qrs. =0 6. 0] 

2 lbs. = 5- 14 lbs. =0 0 . lOi^ 

■ • 18 cwts. 2 qrs. 16 lbs. =£45. 4s. "24- /, 

The operation is usually written thus : — 

£ s. d. 

2. 8. 6 = value of 1 cwt. 

18 


2 qrs. cwt, l^* ^ =* ...IS cwt. 

14 ibs. : . i of 2 qrs. 1. 4. 3 = 2 qrs. 

2 lbs.. “ 0. 6. 0l-= ,...14 lbs. 

0. 0. lO ji 2 lbs. 


^ £45. 4. 24 = value of 13 cwt. 2 qrs. 

16 lbs. 

Ex. 2. Find the value of 17 mds. 28, seers 3 powos at 
3 Ea. 12 a. perxnaund.. 

Rs. ’ a. p. 

3.12. 0 = value of 1 md. 

xsr ^ 


JO'seers s^md. 63. 12. 0»........17 mds. 

3 iqers md. 1 . 14 . seers. 

' 2 of 8 seers 0 . 12 . 0= 8 seers 

1 powa^l of 2 powas 0 . 0 . ...2 powas 

• 0. Q. powa 

66. T. U«....;....17 mds. 
28 seers ,8 powas. 


■ . ’ : " - ' r ' ' v' • 

, $10. tWpm. the •bovtf Sxtmples it.will be eeen that the 
•pnatiwwffl he h^tae Motion of the most con- 

veai^t parts. ' „ 
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We shall here subjoin a Table of aliquot 
the ordinary concrete units, English and 
student will do well to commit it to memory ^ 
Table of Aliquot Parts 
of 1 Bupee. 


parts of seme of 
Indian ; and the 


of £ 1 . 


A =8 a. 


^ = 5 a. Cgandas 2 cowries 2 krants 
" = 5 a. 4 p. 
i*=4 a. 

a. 4 gandas 

I = 2 a. 13 gandas I cowry 1 krant 
= 2 a. 8 p. 
i = 2a. 

i = 1 a. 1 5 gandas 2 cowries 2 dantis 
=1 a- 12 gandas. 

3-V=la. 4p. 

A = la. 

of 1 anna. 

J = 2 pice. 

I =4 pies 

» 6 gandas. 2 cowries 2 krants. 
^ = 1 pice. 

^ 4 gandas. 

J *= 2 pies. * 

^ — 2 gandas 2 cowries. 

3 ^ — 2 gandas. 

1 pie. 

Of 1 maipd. 

I =20 seers. 

1 = 10 seers. 

|>=8 seers. 

1 = 5 seers. « 

•^ = 4 seers. 

3 ^ 2 J seer, 

seers. 

of 1 seer. * 

^ = 2 powas 
1 = 1 powa, 

J=2 cht. 


-IT 



of Icwt. 

J =2qr8. 

= 1 qr. 
»I6 lbs. 
i ...14 lbs. 
8 lbs. 
of I qr. 

I - 14 lbs. 
I » 7 lbs. 
^ » 4 lbs. 
\ ^IbSi 


■A 
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Examples like the foRowing may be 'fporked out in a -way 
similar te the method of Practice. 

Ex. 1. Find the cost of 6 seers at 2 Es. 12 a. per 
mauud. 

The cost of 5 seers of 2Rs. 12a. *5 a. 2 pice ; 

1 seer * ^ of 5 a. 2 pice = 4^ pice ; 

and .* 6 seers *6 a. pice. 

Ex. 2. A man gets 7 Be. a month ; what does he get per 
day, supposing a month to contain 30 days ? 

The amount reqd. of 7 Rs. =* of J of 7Rs. 

Now i of 7 Be. -i of 6Ra. of 1 R. 

s»2 Rs. + 5a. 4 pies; 

of 7 Rs. of 2 Rs. 5 a. 4 pies. 

= 3 a. 8-|pie6. 

Ex. 3, A man supplies milk for a month of 31 days at 
3 seers a day. What iml be his charge, if milk sells at 8* seers 
.1 rupee! 

The quantity of milk supplied 

=* 3 X 31 « 93 seers. 

Rs. a. p. 

The value of 88 seers * 11 0 0 

...5 - 0 10 0 

. / 93 * 11 10 0 


Ex. XXXIX. 


Find the value of 


1. 50 things at 2 Rs. 2 a. each, and 64 things at 3 Rs. 

5 a. each. 

2. 72 things at £1. lOs. each, and 55 things at 15^. Gd 
each. 4 

3. 126 things at 13<. 4<f. each, and 100 thixigs at £2s 5s. 
each. * 

4. .^30 things at 2 Bs. 6 a. each, and 31 things at 3 a, 

6 p. each. 

5. 40thin^at 2Bs. fi a. each, and 120 things at 5 a. 
6 p. each, a 

6. SOthings at3 Bs. 7 a. each, and 90 thihgs at 2 Rs. 
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7^ 720 things at £3. 6s. each, and 885 things at 9s. G'L 

«acli. 

8. 14 i things at £10. ITs. each, and 288 things at £7, 
hs. 5<f. each. 

9. 1000 things at £15. 16s. lid. each, and 925 things at 
£5. 10s. each. 

10. 1000 things at 2 Rs. 5 a. each, and 1500 things at 

3 Rs. 7 a. each. 

11. 1285 things at 5 Ks. 4 a. each, and 725 things at 
7 Rs. 6 a. t p. ciiuli. 

12. 3G1 things at 10 Rs. J5 a. each, and 2500 things at 
0 Rs. G a. each. 

13. 15 cw't; 2 qrs. 10 lbs. at 2s. Gd. per lb, 

14. 17 cwt. 3 qrs. 14 lbs. at £2. 9s. per cwt. 

15. 110 cwt. 2 qrs. 20 lbs. at £1. 13s. 4d. per cwt. 

16. 7 mds. 35 seers of sugar at 13 Rs .2 a. per maund. 

*17. 225 mds. 33 seers of rice^at 4 Rs. 14 a. G p. per 

maund. 

18. 72 mds. 25 seers of rice at 5 Rs. 10 a. per maund. 

19. 16 yds. of silk at £1. 3^. per yard. 

20. 170 yds. of linen at 25. 6d. per yard. 

21. 8 bghs, 11 kths. of land at 65 Rs. 8 a. per katha. 

22. 13 bghs. 7 kths. of land at 49 Rs. 8 a. per katha. 

23. 15 bghs. 16 kths, of land at 125 Rs, per katha. 

24. 140 ft. 6 in. at 1 R. 4 a. 6 p. per 
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CHAPTER YII. 

PROPORTION AND VARIATION. RULE OF THREE. 

SECTION I. PROPORTION AND VARIATION. 

'Jll. *Defs. Ratio is the relation which one number 
hears to another in respect of magnitude, the comparison 
heiug made by considering how many times or parts of a 
time the latter is contained in the former. 

The two numbers arc called the Terms of the ratio, the 
I'oriiior being called the Antecedent, and the latter the 

C’oNSEQUENT. 

A r.tio is written by writing its terms one after the otlier 
and placing, a colon •( : ) between them. Thus the ratio 
of o to 4 is written, 

3 : 4. 

It is evident from the definition, that the same ratio may 
also be r^ipresented by the fraction ^ ; for by the definition, 
the ratio of 3:4 denotes the number of times or rather parts 
of a time that 4 is contained in 3, and the fraction J also 
denotes the same thing (Art. 84). 

212. The terms of a ratio must either be both abstract 
numbers or both concrete numbers of the same kind ; for 
otherwise there can be no comparison between them ; thus 
vro cannot compare 3 feet wdth 4 hours in respect of magni- 
tude : and the ratio itself, as it indicates the number of times 
or parts of a time that the antecedent contains the conse- 
quent, must always be an abstract number. 

Agmn the ratio of one concrete number to another,, when 
both are expressed in the same denomiiuUion^ will be the same 
as the ratio of thef former number to the latter, both being 
regarded as* abstract numbers. Thus, the ratio of 3 feet 
to 4 feet is the same as the ratio of tho abstract number 3 
to the abstract number 4, and is expressed by the fraction 
2'. But the ratio of 3 feet to 4 inches, that is of 36 inches 
to 4 inches, will not be the same as that of 3 to 4, but will 
be the same as that Qf 36 to 4, and will be express)^ not as 
A but as V* 


14 
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213. Def. Four numbers are said to be Proportion ai.s 
or to constitute a Proportion, when the ratio of the first to 
the second is eqUiil to that of the third to the fourth, or in 
other words, when the first contains the aecoud os often as the 
third contains the fourth. 

A proportion is written by writing its ratios one after the 
other with a double colon (: :) between them. Thus, taking 
any four numbers that are proportional, for example 3, 4, 12, 
1 6. the proportion is written thus : — 

3 : 4 : : 12 : IG ; 
and it is read thus : — 

3 is to 4 as 12 to 16. 


. If any four numbers 3, 4 , 12, 16 constitute & proportion, 
then I = if. 

For J- denotes the number of parts of a time that 3 contains i 
and -fl denotes the number of parts of‘a time thit 12 coataiuF 
1 6 ; and these are equal by the definition of proportion. 


214. In the preceding Article^ we have seen four numbers 
constituting a proportion ; but we may also have throe num- 
bers constituting a proportion, and then they must be such 
that the first is to the second as the second is to the third. 

Thus the three numbers 3, Oand 12 constitute the propor- 
tion 3 ; 6 ; ; 6 ; 12, 
and 


215. The terms of each of the two ratios constituting a 
proportion must satisfy the conditions mentioned in Art. 212. 
But it is not necessary that all the four terms should be 
himultaneously abstract numbera, or simultaneously concrete 
numbers. The terms of one ratio may be alwtract numbers, 
and those of the other, concrete numbers. The ratio of two 
concrete numbers, which is always an .abstract number, may 
be equal to that of two abstract numbers, or pf two concrete 
numbers of another kind. 

Thus 2Rs. : 3Rs. :: 12ft : 18a. 


For 

Similarly 


2Rfl. , 

3Rs.’ 

12ft 

18 a/ 


the abstract fraction 


3 * 

12 

I8* 


2 

3 * 
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216. Prop. 1 . If four numbers are propoHionals when 
■tiiken in a certain order, they are also proportionals when 
taken in the reverse order. 

Thus, taking for example the numbers 3, 5, 9, 15, which 
constitute the proportion 3 : 5 : : 9 : 15 so that = 
we haVe 1 ^ 1 

or 

or 5 : 3 : : 15 : 9, or 15 : 9 : : 5 : 3. 

Prop. IL When four numbers are proportionals, the 
product of the extremes = the product of the means. 

For taking the same proportion 
3: 5:: 9 : 15, 

we have | = 

or multiplying both by 5 x 15 we have 
}x5xl5 sayg- X 5 X 15, or 3 x 15 = 5x9. 

217. Dep. When four numbers are proportionals, the 
1 .mrth is said to be a Fourth Proportional to the other three. 

When three numbers are proportionals, the third is said to 
be a Third Proportional to the other two, and the second, 
a Mean Proportional between the other two. 

The prooess for finding a fourth proportional to three num- 
bers, or a third proportional to two numbers, consists merely 
in the application of Prop. II of the preceding Article ; and is 
usually stated in the manner given below. 

Ex. 1. Find a fourth proportional to 7, 9 and 21. 

Let bs be the fourth proportional required. 

Then 7 : 9 z : 21 : x, 

/. 7 X a: = 9 X 21, or dividing by 7, 


Ex. 2. Find a third proportional to 7 and 9. 
Let X be the third proportional required. 

Then 7 : 9 ; : 9 : a?, 

. 7 X ap = 9 X 9, or djviding hy 7, 

• -9x9 

* — Ilf 


218. Dbfs, One quantity is said to Vary Directly as 
another^ when either of them being mereased or decreased^ the 
other is increaied^or . decreased in the same proportion. 
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Tims, at a giving rate of walking, say 2 miles an hour, the 
distance walked may be said to vary directly as the time ; 
since in any. time, say 3 hours, the distance w’alked is 6 miles, 
and increasing the time to 4 hours, the distance is increased 
to 8 miles, so that 

tlio former time 3 hours : the increased time 4 hours 
: : the former distance G miles : the increased distance S miles. 

Hence, it is evident, that when one quantity varies directly 
as: another, any two numerical values of the former cxf>rcsse(i 
in the same denomination, and the corresponding numerical 
values of tlie latter expressed in the same denomination, and 
ia! eti ia the same order, will constitute a proportion. 

One quantity is said to Vary Ixversely as another, when 
citlicr of them being increased or decreased, the other is de- 
ci'eased or ncreased in the same proportion. 

Thus in w'alking a given distance, say 24 miles, the time 
of walking may be said to vary inversely as the rate, since 
for any rate, say 2 miles an hour, tlie time will be 12 Imurs, 
and increasing the rate to 3 miles an hour, the time is de- 
creased to 8 hours, so that 

the former rate 2 miles : the increased rate 3 miles 
: : the la. ter or decreased time 8 hours : the former time 12 hours. 

Hence it is evident that when one quantity varies inversely 
as another, any two numerical values of the former expressed 
in the same denomination, and the two corresponding numer- 
ical valuer of the latter expressed in the same denomination, 
and taken in ike reverse order, will constitute a proportion. 

219. \Vhen one quantity varies directly or inversely as 
another, and two values of the former and only one correspond- 
ing value of the latter are given, the other corresponding value 
of the latter can be determined as in the following Examples. 

Ex. 1. IfG yds of cloth cost 13 Rs. 8a., find the price 
of 9 yds. , " . 

Lot ir =the price of 9 yds. in rupees. 

Then *.13 Rs. 8a. = 13^ Rs. » V 

and the price of cloth varies directly as the quantity 
of cloth, we have by Art. 218. 
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2KJ 


and 


6 ; 9 :: V = 

6 X ar = 9 X y 

• = 

2 xG 
price-reqd. 



= 2ff Rs. 4 a. 


Ex. 2. If 6 men can do a piece of work in 9 dayp, in liow 
manj' days will 15 men do the same work ^ 

Here*, ‘the larfrer the no. of men employed, the •^Itoner 
l)ecom'‘S the time for finishing the work, the number of men 
varies inversely as the time. 

Now let ;i:=the no. of days reqd. 

Then f) : 15 :: .r : 9 ; 

\ 15 XX =() X 9, 

6 x9 18 , 

or X = ,^— == =3 , the no. of day^ required. 

In 5 5 


Ex. *3. If 9 men working G hours a day, can do apiece of 
work in 1 2 days, in how m’any days will 8 men do the same 
work, working 9 hours a day 1 

Let jr=-.th 0 no. of days reqd. 

Then the time taken in doing the work in the one ciwe 
= 6x12 hours, 

and in the other case = 9 x a: hours. 


Now, as in Ex. 2, the no. of men varies inversely as the time ; 


the proportion will stand thus ; — 


9:8:: 
and 8 X 9 xic 

and X 


9 X .'c : 6 X 12, » 

= 9x6x12 

= =9^ the no. of days required. 


Ex. 4. If 7 men can reap 18 bgha in 12 hrs., how many 
men will be able to reap 45 bgbs. in 14 hrs ? 

Let X the no. of men reqd. 

Then in the former case we have 
, 7 men working 12 hours, 
which is the same as 

7 X 12 men woriting 1 hour, 

^d the work done is the rtiaping of 18 bghs. 
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In the latter case, we have 
.7* men working 14 hours, 
which is the Sfir>e as 
a: X 14 men »'kmg 1 hour, 
and the work done is ^he reaping of 45 b^hs. ^ 

Now in the given time, 1 hour, the no. of bighas reaptd will 
varj directly as the no. of men ; 


and 


18 : 45 :: 7x12 :xxU; 
18 xa;xl4 = 4ax7 xl2 
. 45 X 7 X 12 


18x14 


= 15. 


* 220. We may here notice some of the ordinary instances 
in which one quantity varies as another. 

I. AVith a given area, the length varies inversely as the 
breadth. 


II. With a given length, the breadth varies directly as 
tlie area. 

III. With a given rate of motion, the distance passed 
varies directly as the time, supposing the rate to be uniform. 

TV. With a given time, the distance passed varies directly 
as the rate of motion, on the same supposition. 

V. AA^ith a given distaijco, the rate of motion varies 
inversely as the time on the suine supposition. 

A"I. AA'ith a given time, the* work done varies directly as 
the agen.y. 

VII. AVith a given agency, the work done varies directly 
as the time. 

VIII. AVith a given work, the agency varies inversely as 

the time. * 

TX. With a given rate of price, the price paid varies 
directly as the quantity of artic^ purchased. 

X. AVith a given price, the quantity of artiole purchased 
varies inversely as the rate of price. ' 

The truth of the above statemeuts will be nade'evklent by 
one or two examples. 



RULE OF THREE. 


215 


SECTION II. RULE OP THREE. 

2*21. In Art. 219^ wq have already seen that when^ three 
quantities arc given we can sometimes find out a fourth. The 
method of finding out the fourth is called the Rule of Three. 
It may I3e thus defined : — 

Defs. The Rule of Three is a method by which of four 
quantities which are proportionals, any three being given, the 
fourth can he determined. 

It is called Direct or Inverse according as the variation 
upon which it depends is direct or inverse. Thus Ex. 1 of 
Art. 219 is an example of Rule of Three Direct ; Ex. 2, one of 
Rule Three Inverse. It is called Single dr Double accord- 
ing as only three or more than three quantities are given 
from which the required one is to be ascertained. Examples 
3 and 4 of .Art. 219 .are examples of Double Rule of Three. 

It is called the Rule of Three because there are three 
qiiautities given from which we find the fourth or required 
quantity ; and from its application to the solution of a large 
and i*mportunt class of questions in the common affairs of life, 
it has sometimes been called the Golden Rule. 

222. The, Rule for working out Examples of Rule of Three 
may be gathered from Art. 219. We can state it thus : — 

Rule. Put x for the required number or the required 
quantity expressed numerically. Make the necessary reduc- 
tions to the same denomination. Then from the nature of 
the question ascertain what the ntimbers are that are propor- 
tionals, and state the proportion. Put the product of the 
extremes equal to the product of the means, and then divide 
the product which does not contain x by the product of all 
the factors of the other product except x. The quotient will 
bo the required mumber or the required quantity expressed* 
numerically* 

The above Rule is quite general, and will apply to all cases 
of* Rule of Three, whether Direct or Diverse, Single or Double, 
as will be seen from the Examples given below. 

I. Single Rule op Three. 

Ex. r. Find the price of 5 yds. 3 in. of silk when 3 yds. 
sost e Rs.U2a. 



216 


THE ELEMENTS OP ARITHMETIC. 


Let X = the price reqd. in rupees. 

Then •. * the quantity of silk in one case = 3 yds. 
and the quantity of silk in the other pase 5 yds. 3 in. 

= yds. ; 

and the price in the former case — 6 Rs. 12 a. = 6-J Rs., 
and the price in the latter case =a? Rs. ; * 

and •,* the price varies directly as the quantity of the article ; 


we have 
3 X a; = 

and X 


3 : 5i 6^ : ar, 

^ 21 x27 ^189^,^13, 
'3x4x4 16 “16" 


. '. the price reqd. = 1 Rs. = 1 1 Rs. 13 a. 


Ex. 2, If 7 men can reap a field 6 bghs. in length .and 3 
bghs. in breadth in 14 hrs., in how many hours will 8 men be 
able to reap the same field ? 

Let a «= the no. of hrs. reqd. 

Then because the work, vtz., the reaping of the fii ld is 
the same in both cases, the no. pi men will vary in% ersely as 
the time ; and 

.% 7 : 8 :: X : 14 ; 


8 xx-7 X 14, or x = 


7x14 49 


Here it will be seen that the quantities fi hghp. and 3 bghs. 
are superfluous, as being the same in both cases, they do not 
aflect the question. 

£x. 3. If 7 men can reap a field 6 bghs. in length and 3 
bghs. in breadth in 14 hrs., what is the area of the field that 
they can reap in Id hrs. 1 

Let x=*the area.reqd. in sq, bigbas. 

The area in the former case — 3 x 6 or 18 sq. bghs. 

Now the work* done is measured by 'the no. of bigbas 
reaped, 

and the no. of men working is same in both cases, 
the time will vary directly as the no. of bigbas ; 

and 14 : 18 18 : jc; 

.^^ 16 x 18 162 _.« 1 . 

14 /“’7 ^^7" 

and . '. the area reqd. « 23} tighs. » 23 bghs. 2* kths. 
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Here it will be seen that the number of men being the same 
in both cases does not affect the question. 

Ex. 4. In the preceding Example, what will be the length of 
the field in the second case if its breadth is 9 bighas ? 

Let = reqd. length in bighas. 

Then the area in the second case 


= 9x0; bighas 

and the proportion will stand thus : — 
14 : 18 :: 18 : 9 xo;; 

9 X oj X 14 = 18 X 18, 


X 


18x^8_^^^4 
"9 xl4 7 


and the length i’eqd. =2 j bghs. = 2 bghs. ll^- kths. 


Ex. d. If 3 yds. of silk cost as much as 7 yds. of linen, 
how many yards of silk can be given in exchange for 42 
yds. of linen ? 

Let X = the no. of yds. reqd. 


Then must bear the same relation to 42 in respect of 
magnitude that the number 3 does to the number 7 ; 
in other words, the I’atio of x to 42 =that of 3 to 7 ; 


a; : 42 :: 3 7, 

and a’ X 7 = 42 X 3 or x — — = 18. 

7 

18 is the no, of yds. of silk reqd. 

Ex. 6. A watch is set right at 1 ^o’clock p. M. on Monday, 
and at 9 o’clock p. m. on Tuesday it is found to be 3’ too fast. 
Supposing its rate regular, what will be the time hf the watch 
at 6 o’clock A. M. on Saturday ? 

From 1 p. M. Monday to 9 p. m. Tuesday there are 24 + 8 or 
32 hrs. and in that time the watch gains 3^. 

From 1 p. M. Afonday to 6 a. m. Saturday there are 4 x 24 
+ 17 or 113 hrs., and in that time let the watch gfdn x\ 


• Then the rate is regular, the gain by the watch will vary 
directly as the time ^ 

. 32 • 113 :: S : X, 
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the watch has gained* 10^' and the time by the watch is 
lOjJ-' past 6 o’clock a. m. 

t 

II. Double Rule of Three. 

Ex. 7. If 8 men can do apiece of work in 18 days, working: 

7 hours a day, how many hours a day must 12 men work to 
finish in 21 d.ays a piece of work twice as great ] 

To finish the second piece of work, 8 men must work for 
2 X 18 or 36 days of 7 working hours oaclu 

Now let the no. of horn's reqd. 

Then the second piece <^)f work is done 
by 8 men in 36 x 7 hi*s., * 

and by 12 men in 21 x x hrs. 

and as the no. of men must vary inversely as the time, 

/. 8 : 12 :: 21 x x : 36 x 7 ; 

12x21 xx = S x36x7 

and X =» = the no. of hrs. reqd. 

In this Example, we have three things involved, workmen, 
work done, and time, and all three are different in the two 
cases. 

In the process given above, we have made the work done 
the same in both cases, by multiplying the time in the former 
by 2 ; and thus tiie question is reduced to one in which 
tiio work done remains the same, and the time and the 
number of w’orkmeu are the only varying elements, and then 
a-s we know’ that the formhr varies inversely as the latter, wo 
state the •proportion accordingly. We might have worked 
out the Esainple by reducing the time to the same duration 
in the two cases by altering the number of workmen, and 
then having the number of workmen and w’ork done for our 
varying elements. Thus, 

8 men working 18x7 hours, is the same as 

8 X 18 X 7 men working 1 hour; 

Similarly 12 men working 21 xx hours is the, same as 
12 X 21 XX men working 1 hour; 
and in the former case the work done being 1, in the latter 
it is 2 : 
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and as in the f^ivcn time 1 hour, the work done must vary 
directly as the number of men, 

.-.8x18^7 : 12x21 xar :: 1*: 2; 
and 12 X 21 X jr X 1 = 2 X 8 X 18 X 7, 


whence * 


2x8 X 18 ) 
12x21 


In working out Examples of Double Rale of Three in whicii 
Three varying elements occur, the chief art consists in reduc- 
ing one of the three elements to a constant quantity ; and 
abhougJi the reduction of any one of the elements will give 
a proportion from which the required quantity may be found. 
w»' must try in every case to make use of the most convenient 
reduction. 


Ex. 8. If 9 masons, in 10 days of 8 working hours each, 
van build a wall 48ft. long, 10ft. high, and 2 ft. deep, how 
many masons will be required to build a wall 60 ft. long, 12 ft. 
high, and 3 ft. deep, in the same number of days, but working 
only 0 hours daily 1 

Let X =the number of masons reqd. 

Then in the foraier case we have 
9 masons working for 10x8 hours, 
which is the same as 
9x10x8 masons working for 1 hour ; 

and in the latter case we have 
X masons working for 10x6 hours, 
which is the same as 


.r X 10x6 masons working for 1 hour. 

Now in the former case, • 

the work done is measured by 2 x 10 x 48 cub. ft., 
and in the latter case, 

it is n»easurod by 3 x 12 x 60 cub. ft. ; 
and *.* in the given time 1 hour, « 

the work done will vary directly as the number of masons, 
.-.2x10x48 :^3x 12x60:: 9x10x8: jr x 10 x 6 ; 
and 2 X 10 X 48 X X 10 X 6 a* 3 x 12 X 60 X 9 X 10 X 8, 


whence r 


8 x12x60x9x10x8 
2 xJO X 48 X 10 X 6 


3x9 


27, the no. of masons reqd. 
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Til the foregoing process we have reduced the time to the 
F!ame duration 1 hour in both cases. We can work out the 
Example by reducing the number of men to a constant thus : — 

9 men working 10x8 hrs. is the same £is 
1 man working 9x10x8 hrs. ; 


so, ,r men ».10 x 6 hrs. is the same as 

1 man a.- x 10 x 6 hrs. 


Now with the same ] workman 

the work done will vary directly as the time : 

.*.2x 10 x 48 : 3x 12 x 60 :: *9,xl0x8 .• ar'xlOxB; 
and .*. 2 x 10x48 x a- x 10 x 6 = 3 x 12 x 60 x 9 x 10 x 8, 

. whence x — 27. 

Ex. 9. If the carriasre of 25 mds. over 50 miles cost 
18 Ks. 12 a., over how many miles can 30 mds. be carried 
for 20 Rs., supposing there to be a uniform rate for every 1 
maund carried over 1 mile ? 

Let X = the no. of miles reqd. 

Then, the unit being 1 md. carried 1 mile, 
the work in the former case 
= 25 X 50 units, 

and the work in the latter case 
= 30xji'; 

and the work will vary directly as its cost ; 

25 x50 : 30 18J : 20 ^ 

.* 30 XX X V =25 x 50x20, 

2^x50x20x4 _ 400 

^ 30^75 9 

= 44|, .the no. of mUes reqd. 

Ex. 10. There is just sufficient rice in store to feed 50 
men for 30 days, giving 15 chataks to dach man daily. To 
how many cKataktf must the daily allowance be reduced, to 
feed for 40 days these and 10 men more without any addition 
to the store 1 

Letjr = the no. of chataks reqd. Then to, feed 50 men 
for 30 days will require as much food as to feed 30 x 50 men 
for 1 day ; and so to feed (50 + 10) or 60 men for 40 days is 
the same as to feed 40 x 60 men for 1 day. 
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Now ill 1 d;ij, with a given store, the allowance to each man 
must vary inversely as the no. of men ; 

3()x:>0: 40xG0 ::ar: 15 
and .r X 40 x GO ~ 30 x 50 x 15 

30 X 50 X 15 75 

or a? = - _ = - 

• 40 X GO 8 

= 0 the no. of chataks reqd. 


This Example may also bo worked thus : — 
Quantity consumed in tlie former case 
— 50 X 30 X 15 chts.. 


quantity consumed in the latter case 
= GO X 40 X iT chts. ; 

and these two quantities must evidently be equal ; 

. *. 50 X 30 X 1 5 = GO X 40 X ;r, 
whence .r = 9|. 

Ex. 11. If 7 seers of bread cost 2 Rs. when flour is 5Rs. 
a raaund, what is the price of flour per maiind, when 8 sf'crs of 
broad cost 3 Rs., supposing the price of bread to vary directly 
as the price of flour ? 

Let .r = tho price reqd. in rupees. 

Now in the fn-incr case, we get 7 seers of bread for 2 Rs, 

?. c. the price of 1 seer is -f-R. 

Similarly, in the latter case, 
the price of 1 seer is ^ R. 

And as the price of bread varies directly as the price of 
flour. 


• • y ‘ . tc , 

and ar X I- = 5x4; 

, 5 X 3x7 

whence a** — 

8x2 


105 

16 


6 - 5 - 
10> 


and the reqd. price of flour per md. =6Rs. 9a. 

Ex. 12. If 5 men in 12 days earn £2, in how many days 
will 6 men earn £5 '? 

• Let a? = ther number of days reqd. 

Now the earnings of 5 men in 12 days will be the same as 
the earnings of 12 x 5 men in 1 day ; 

and so the earnings of 6 men iu a? days will be the same as 
the earnirigs of a? x 6 men in 1 day. 
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Aud as in the given time 1 day, the earniogs will vary 
directly as the number of men, 

/. 2 : 5 : : 12 X 5 : a: X 6 ; 

2 xa: x6=b 5 x 12 x 5 

and X ^ a 25, the no. of days reqd. 

223. The applicability of the Rule of Three to the solu- 
tion of any question, depends upon the subsistence of the rela- 
tion of proportion among the quantities involved ; and when 
this relation does not exist, the Rule of Three will not apply. 
Thus in the question, 

** If 8 mangoes are worth 1 R. what is the price of 15 pine- 
apples ]’* 

as evidently, the relation of proportion does not subsist among 
the quantities involved, viz., the number of mangoes, the number 
oi pineapples, the price given, and the price required, the Rule 
of Three will not apply. 

But if the question be this, 

“ If 8 mangoes are worth 1 R., what is the price of 15 pine- 
apples, supposing 2 mangoes to be worth as much as 3 pine- 
apples T 

then as we ean reduce the 8 mangoes to their equivalent 
number of pineapples in value by the proportion, 

2 : 8 ; ; 3 : a?, whence x =■ « 12, 

we can state the question in other words thus : 

“If 12 pineapples are worth IR. what is the price of 15 
pineapples t 

And to this clearly the Rule of Three applies. And since the 
price varies directly as the number of pineapples, the process 
as usual will stand thus ; — 

Let X * the price reqd, in rupees. 

Then 12; 15 1 

.*. ar X 12 = 15 X 1, and = = = 1^ j 

and .*. the price reqd. = IR. 4a. 

Again, if the question be, 

“What will the East Indian Railway Company charge for 
carrying 1 maund over 25 miles, when they charge 12 annas 
for carrying the same weight oyer 50 miles J” 
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although it may appear at first sight to be an ordmaiy ques 
tion of Rule of Three, yet it may not always be really so. For. 
ihc Riiilway Oorapauy may charge the same amount of 1 2 
anuas for every distance below 50 miles, or it may adjust its 
table of fares in any other W'ay than in proportion to tlie 
di'itaiice, and in that case the Rule of Three will not apply. It 
will he tl question of Rule of Three on the supposition that the 
iCailway Company charges at a uniform rate per mile; and it 
K only in that case that the solution will be given in the 
n.^uai way, by putting x = the cost of carriage reqd. in annas, 
and stating the proportion 50 : id :: 12 : j?, 
whence the no. of annas reqd. 

Before applying, therefore, the Rule of Three to the solution 
uf any practical question, the student should enquire whether 
tl^e relation* of proportion exists among the quantities 
involved. 

In the theoretical questions set to be solved by the Rule 
of Three, it is always assumed either expressly or by implica- 
tion that the rate involved in the question is uniform. 

Thus in Example 1 of Art. 222, the. rate or price per yard 
is assumed to be uniform. So in Examples 7 and 8 of Art. 
222, each mau is supposed to work at the same uniform rate 
per hour 

224. Sometimes again there may be the relation of pro- 
portion existing but iii a peculiar w*ay. Thus in the question, 

“What is the price of a diamond wleighing 9 rattis, when 
auoUier diamond weighing 3 rattis costs 90 Rs., supposing 
the value of diamonds to vary as the square of their weight V* 

assuming a » the price required in rupees, the proportion 
will not be, , 

3:9:: 90^: j:, 

but will be 

3» : 9* :: 90 : -r, 
t, e, 9 : 81,:: 90 : x, 

wtonco X « = 810; 

and pric« reqd. is 810 Rs. 
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Ex. XL. 

1. Find a fourth proportional to 

(1) 1,2, and 3. 

(2) 12, 14, and 16. 

(3) £6, £9, and £12. 

(4) £14, £12, and Is. 

(o) £10, 10«., and 25R8. 

(6) 2mds. SOsre., Isr., and 100. 

(7) 4, 5, and 5 bghs. . 

(8) 6Us. 4a., IR. 9a., and 16yds. 2ft. 


2. Find a, third proportional to 


(I) 

5 and 15. 

(2) 

10 and 12. 

(3) 

192 and 24. 

(4) 

1728 and 144. 

(5) 

£1 and 5s. 

(6) 

IR. and la. 


5. The lengths of three poles are such that the first con- 
tains the second as often as the second contains the third ; and 
there are as many cubits in the second as there are yards in 
the first. Given that the length of the first is 60 ft ; find the 
lengths of the other twO. 

4. Two rectangular fields, whose areas are equal, are such 
that the length of the one contains as many bighas as there 
arc kathas in the breadth of the other. How often is the 
breadth of tlie former contained in tlie length of the latter 1 

5. If IGyds. of cloth cost 15Rs. how much will 20 yds. 
cost 1 

6. If 28mds. of riie can'be had for 91Ra. 7a,, ‘how much 
rice can be had for 52R8. 4a. ? 

7. If 18mds. of sugar cost 225 Rb., find the value of 
22 mds. 10 seers. 

8. If 16 cwt. of sugar can be had for £20. 16«., how 
much sugar can be had for £26 ? 

9. For a certain sum, 15 yds. of silk can be had of a cer- 
t-ain quality, or 26 yds. of silk of an inferior quality. Compare 
the prices of the two kinds of silk per yard, and find the price 
of the latter supposing that of the former to be 10^ per yard. 
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10. If an ounce of quinine can be had for 10 Rs., \vhat is the 
price of 3 drams ? 

11. If a tola of pure silver is worth IR. la. and if 

pure gold is worth 16 times as much as pure silver, what is 
t he value of a seer of pure gold 1 

12. gentleman pays an income tax of £17. 10 5. a year 
when the tax is 7c?. in the £. What is his annual income ? 

13. The assets of an insolvent debtor amount to 24000R8., 
and his creditors can get only 10a. in the rupee. Find the 
amount of his debts. 

14. The assets of an insolvent amount to 15312 Rs. 8a., and 
bis debts amount to 35000Rs. How much can his creditors 
get in the rupee? 

15. l^ind the annual value of a revenue-free estate which 
pays 171 Rs. 14a. annually as road-cess, such cess being 
levied at the rate of onc-half of an anna in the rupee of the 
annual value. 

1 6. The annnal value of a certain revenue paying estate 
is twice as much as the annual revenue payable for it, and the 
estate pays every year as road cess the sum of 2578 Rs. 3a, 
Find the annual value of the estate, supposing the road cess 
to be payable at the rate of one-half of an anna in^ the rupee 
of the annual value, less a deduction at one-half of the said 
fate for every rupee of the revenue. 

17. If 5 boys earn as much as 3 men, what is the monthly 
earning of a boy, supposing a man to earn 10 Rs. a month ? 

18. If the wages of 5 carpenters aihount to as much as 
the wages of 6 masons, what will 16 carpenters earn in 1 day 
supposing the weekly earnings of 10 masons to be 21 Rs. 14a. 9 

19. If 6 men earn as much as 10 boys, how much will 15 
boys earn per week, supposing a man’s daily earning to be 5a. % 

20. Supposing the value of diamonds to vary as the 
square of their weight, find the relation between the values of 
twb diamonds weighing 3 and 5 rattis respectively. 

21. The area of a circle varies as the square of its diameter. 
Find the area of a circle 8 ft. in diameter, supposing a circled 
feet in diameter to contain 28*27 sq. ft. 
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22. The circumference of a circle varies as its radius. Find 
the length of the circumference when the radius is 3 ft., sup- 
]iosing the circumference of a circle whose radius is 2 feet 6 in., 
to he 15*7080 feet. 

23. The circumference of a circle is to its radius as 3*1416 : J. 
Find the radius of a circle whose circumference is 3 miles. 

24. The area of square varies as the sqaai*e of its diagonal. 
Find the area of a square field which measures 7 highas along 
its diagonal, supposing the area of a square, w'hose diagonal is- 
5 ft., to be 12*5 square feet. 

25. A roctangnlar plot of land measuring 4 bghs. 5 kths. 
by 3 bgli«. 10 kths., is worth 15000 Ils. What is the value of 
another plot which is -5 times as long and 3 times as broad i 

26. If an estate, which contains 10000 acres,, yields an 
annual income of £25000, what would be the income of 
another estate which contains an area of 8 square miles, at 
the same rate, 

27. A zemindari containing 30000 bghs. of hind yields an 
annual income of 28000 Rs. One>third of the whole area is 
waste land which yields n(»thing 3 and of the remainder, one- 
tenth consists of mulberry land, and the rest is paddy land. 
Supposing the former description of land to yield per bigha 
five times as much rent as the latter, find tlie rent per bigha 
of each. 

28. Onc-tenth part of the land compriii^d in an estate 
which contains 15000 bghs., is homestead land, and the rest 
is arable land ; and the rate of rent for the fo-rmer is to that 
for the latter as 2*5 : 1. What is the rent per bigha for .each 
description of land, supposing the whole rent realizable from 
the estate to be 17250 Rs. 1 

29. If 3 men or 5 boys earn 6 Rs. 9 a. per week, how much 
will 5 men and 3 boys earn in one year? (1 year = 52 weeks.) 

30. If 5 horses eat as much as 7 ponies, and if the feeding 
of 1 horse cost 18 rupees a month, what will be -the monthly 
tost of feeding 3 horses and 2 ponies ^ 

31. Divide 1600 Rs. between A .s^nd^JB^ so, that their shares 
may be as. 3:5, 
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32. Divide 2400 Rs. amoi>g A, /», and C, so that tho shares 
of A and U may be as 1:2, and those of JJ and 6' as 2 : 5. 

33. 1'he Thakbast scale being 1C inches to the mile, h<jw 
nuicli is it to the bigha, and what is the length rcprcscnrcd 
by an inch on the Thak map ? 

34. If the greatest length of India, which is 1800 miles, 
:i]>pears on a map to be 1ft. 10*5 in., wliat woidd be the length 
on tho map of the river Gauges which is 1500 miles long? 

35. Supposing the diameter of the Earth to be 8000 niihs, 
and the height of the highest mountain upon it to bo 28000ft. 
what decimal of an inch would represent this height on a 
globe 2ft. in diameter ? 

3»C. Two rectangular fields having the same length contain 
140 bghs. and 240 hghs. respectively. Given that tlie breadtli 
of the former is 3 bghs, 10 kths., find the breadth of tlie 
latter, 

• 

37. Two rcctangulfir fields having the same area, measure 
along their lengths 300 poles and 1 respectively. Given 
that tho breadth of the former is half a m lc, find the breadtJi 
of the latter, 

38. What must be th.e length of a plot of land that is 
3 bghs. 15 kths, broad, in order that it may be given in ex- 
change for a square plat measuring 4 bghs. 5 kths. along its 
side? 

39. Two plots of*land cf the'same length, are worth res- 
pectively 5400 Rs. and 7200 Rs, What is the breadth of tho 
foi^mer, if that of the latter be 4 bghs. 10 kths. ? 

40. A tank is to be given in exchange for a plot of land of 

■ equal length; The value of a katha of the latter is twice as 
much as that qf a katha of the former. Find the breadth of 
the land supposing that of the tank to be 1 20ft. ^ ^ 

41. A special train moving at a uniform rate, leaves 
* Howrah for’Allababad at 6.30' p. .M. on Wednesday, touches 

Burdwan 51' past 9 o’clock p. h. of the same day, and 
arrived ARaha^ at 42' past 10 o'clock p. m. on Thursday. 
Given-thiit Burdwan is 67 miles femn. Howrah; find the diV 
t^ce Allahabad from Howrah by. rail. 
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42. An express train proceeding at the rate of 30 rniK-s an 
hour, after passing through two-thirds of its journey, meets with 
ail accident which, reduces its rat^ and the train in conse- 
quence takes the same time to complete the remaiiuier of its 
journey, that it took in travelling up to the place where the 
accident happened. Find the rate of the train after tluj 
accident. 

43. An express train moving at the rate of 24 miles an 
hour, leaves Howrah for Allahabad which is at a distance of 
504 miles; and on reaching Mokameh which is at a distance 
of 282 miles it meets with an accident which compels it to 
reduce its rate, and the train is in consequence 7 hrs. 3' lute 
iu reaching Allahabad. Find its rate after the accident. 

44. Supposing that light takes 8' to come from the Sun to 
the Earth, and that the Earth takes 365 days, 6 hrs. to des- 
cribe a circle round ^the Sun, compare the velocity of the 
Earth with the velooity of the light. (The circumference of 
a circle is to its radius as 3*1416 : i.) 

45. A room 8 cubits broad is to be covered with coir mat 
3 ft. wide. Find the length of matting required supposing 
the length of the room to be 20 ft. 

46. If 5 men can dig a trench 50 ft. long, 10 ft, broad, 
and 2 yds. deep, in a given time, how many men will he re- 
quired to dig another trench twice *a8 long, thrice as broad, 
and 3 yds. deep, iu the same time % 

47. If 35 men can reap a ’field in 6 days, in ho^ many days 
will 42 men be able to reap the same 1 

48. If a certain quantity of rice is sufficient to feed 45 
men for 16 days, bow many men con be fed with it for 12 
days ] 

49. If 5 men or 7 boys can reap a field in ' a certain time, 
in how many days will o boys be able to reap anoUier field 
which 20 men take 4 days to reapi 

50. If 6 men or 9 boys can finish a certain piece ' of work 
in a given time, how many men must be associated .with 12 
lK)y8 to finish iu half the time a work, twice grotti 

51. A clock is set Tight at 8 o’clock jf. lt. oik Merniay, and 
at 1 o’clock p. K. on Wednesday^ it is found to be' 3c too fast. 
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Supposing its rate regular, what will be the true time when 
the clock strikes one on Sunday after-noon ; and what will be 
the firne by the clock at 1 o’clock p. m. of the same day ? 

52. Two watches, of which one gains 2' and the other loses 
30^ a dav, are both set right at 1 o’clock p. m. on Monday. 
What will be the diflerence between the times indicated by 
them at 9 o'clock a. m. on Sunday, and when wdll that differ- 
ence amount to half an hour 1 

53. If 4 yds. of silk cost as much as 9 yds. of linen, how 
many yards of linen can be given in exchange for 18 yds. of 
silk? 

54. If 10 masons can build a wall 25 ft. long, 3 ft. high, 
and ft. fhick, in 1 day, in how many days will 15 masons be 
able to build another wall twice as long, thrice as high, 
and 3 ft. thick ? 

55. If 9 men can do a piece of work in 18 days, working 
8 hours a day, how many men will be required to finish in 12 
days of 6 working hours each, a piece of work 3 times as great ? 

5G. If the carriage of 20 mds. over 5 miles cost IR. 4a., 
how many maunds can be carried over 50 miles for 6 Rs. 4a.? 

57. If 10 men in 7 days consume 1 md. 30 seers, of rice, 
what q\antity of rice will be required to feed a company of 
50 men for the year 1878 ? And how much more rice must be 
added to the stock if 12 more men join the company on the 
6th of October ? 

58. If 3 men or 5 boys earn 6 Rs. 9a. in 7 days, how 
much will 4 men and 6 boys earn in the year 1879 ? 

59. If 18 mds. of gram be sufficient to feed 4 horses for 
30 days, what quantity of gram will be required to feed 7 
horses for the ye&r 1878? 

60. If 24 mangoes can he had for SRs., how many 
mangoBteens can be had for 5Rs., supposings 2 mangoes to 
be worth as much as 5 mangosteens ? 

61. If ^0 men could be fed for 125Rs., 30 years ago, what 
would the feeding of 600 men cost now, supposing the prices 
of articles jof food to have risen three-fold ? 
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C2. A town which is besieged and is defended by 1400 men 
with provisions enough to sustain them 42 days, suppt>sing 
each man to receive 18 oz. a day, obtains an increase of 200 
men to its garrison on the morning of the 11th day of the siege. 
What must now be the allowance to each man, in order^ that the 
remaining provisions may serve the whole garrison for a further 
l^eriod of 42 days ] 

63. If 10 cannon which fire 3 rounds in 5 minutes, kill 
270 men in 1-^ hours, how many cannon which fire 5 rounds 
in 6 minutes, will kill 500 men in 1 hour at the same rate ? 

64. A hare starts 40 yards before a greyhound, and is not 
perceived by him till she has been up 40 seconds : she gets 
av.ay at the rate of 10 miles an hour, and the dog pursues lier 
at the rate of 18 miles an hour : how long will the coui*sc last, 
and whiit distance will tlie hare have run ? 

65. If a tradesman with a capital of 180011s. gain 25 2 11 s. 
in 7 mouths, how long will it take him with a capital of 
SOOOlts. to gain oOOKs. I 

66. If a tradesman with a capital of .£2700 gain £216 in 
6 months, what must be his capital in order that ho may gain 
£1200 in 9 months ? 

67. At what time between one and two oVlock do the hour 
and minute hands of a watch point in directions exactly 
opposite ] 

68 At what time between twelve and two o’clock are the 
hands of a clock together again ? * 

69. If a sixpenny loaf weigh 4' 35 lbs. w’hen wheat is at 
5 '7 5s. a bushel, what must be paid for 49*3 lbs. of bread 
when wheat is at 18*45. a bushel? 

70. If 15 men, 12 women, and 9 boys can do a piece of 
work in 11 days, in what time will 9 men, 12 women and 
15 boys be able to finish a piece of work 3 times as great, 
supposing the parts done by each in the same time to be 'as 
the numbers 3, 2, and 1 ? 



DIVISION INTO PllOPORTIONAL PAIITS. 


231 


CHAPTEPw VIII. 

DIVISION INTO PROPORTIONAL PARTS. 

j^CRCpNTAGE, PROFIT AND LOSS, AND AVERAGE. 
FELLOWSHIP. 


SIK TION 1. DTVTSTON INTO PROPORTIONAL PARTS. 

pRr)p. If there be any number of equal simple frac- 
th*ns, the sum of their numerators divided ]>y the sum of 
thrir denominators will give another simple fraction equal to 
'iiJY oiR' of tJjom. 

Tans take the simple fractions, 

‘i * a • 
y 1 /.■> y- 

Then = 

:2=3xS, 
and t = Gx|', 

and 2 - 1 - 4 — (<5 t C) x -J. ^ 

and dividing ]H)tli sides by 3 + G, 

2_+ 4 Jg 
3 + G ^ 9‘ 

2-M^G^2 
3 + G 9 3’ 

in the same way as above 
2+4+G 2 

3' * 


Again 


3 “t- + 9 

Similarly the proposition may be proved in any other case* 
~ ‘ 12 
3 + 6+9 3 + 6 + 9 3 6’'9' 

2 : 3 s 4 : 6 :: 6 : 9, 

12 . „ 12 „ „ 12 


22G. 


Since 2+4 + 6 


and 2 = 3 X . 


-,4 = 6x 


6=9 X; 


3 + 6 + 9’* * 3 + 6 + 9'' ■ 3 + 6 + 9 

Thus we see that if we divide any number 12 into parts 
2, 4, 6 whjch are proportional to the numbers 3, 6, 9, these 

parts are equal to 3 x ^-^,6 x ^ ^ ^ 

respectiVbly. 
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Hence we can deduce the following general Hulc : — 

RrLE. To divide a given number into parts proportional to 
certain other given numbers, divide the number to be divided 
by the sum of these latter, and multiply the quotient by each 
of them ; and the product will be the required part correspond- 
ing to that number. 

Ex. 1. Divide 27 into parts proportional to 2, 3. 1.’ 

By the Rule, 

2 + 3 + 4 = 0 , 

27 * 

the parts arc 2 x — - = 6, 



and 4x-^-^=12. 

y 

Ex. 2. Divide 4 t)OORs. among A, B, and C so that their 
shares may be as 3, 5 and 7 respectively. 

By the Rule, • 

V 3 + 5 + 7-15, 

the share of A = 3 x 1^?? Rs. — OOORs. ; 

JO 

£ Ils. = 1500Tfs. : 

15 

and a = 7 X lU. = 2100Rs. 

13 

Ex. XLI. 

1. Divide 

(1) 18 into 3 parts proportional to 1, 2,jEiiid 3. 

(2) 27 into 3 parts 2, 3, and 4. 

(3) 36 into 3 parts 3, 4, and 5. 

(4) 128 into 4 parts 1, 3, 5, and 7. 

(5) 1000 into 4 parts 2, 4, 6, and 8. 

(6) 585 intb 3 parts 11, 13, an^ 15. 

2. Divide 2700 Rs. among Ay By and G so that their shares 
may be as the numbers 1, 3, and 5. 
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3. Divide £2400 among A, B, and C, so that as often as 
A gets £5, B shall get £4, and as often as B gets £8, C shall 
get £0. 

SECTION 11. PERCENTAGE, PROFIT AND LOSS, AND AVERAGE. 

m 

227. The term per cent, means for every hundred. 

Thus, if a dealer with a capital of 20 Rs. makes a profit of 
IR. he makes a profit at the rate of 5Rs. for every 
f) X 20 Rs., or 100 Rs., and he is said to make a profit of 5 per 
cent, on his outlay. 

Tradesmen generally estimate their profit and loss by per- 
centages of their capital. 

shall here define some allowances that arc made at 
certain rates per cent, on certain other amounts. 

Dffs. Commission is an allowance made to an agent or 
factor for buying or selling goods for hib employer. 

Broker AO E is an allow«auce made to a broker for effecting 
the sale of (jovornment Promissory Notes, shares and the like. 

Premium is an allowance on the value of goods liable to risk, 
made to certain parties called insurers, who in consideration 
thereof, undertake in case of loss to make good to the owner 
tlic va'ue of the goods insured. 

Examples of Profit and Loss and other Examples involving . 
the term per cent., are worked out by the application of the 
Rule of Three, as will be seen below. • 

Ex. 1. A grocer buys sugar at 12Rs. a maiuid, and sells it 
at 13Rs. What does he gain per cent on his outlay ! 

Lei. a; “the gain per cent, required. * 

Then *.• for 12Ks. he gains (13 - 12) R. or IR. 

.-.x: 100:: 1 : 12 

whence a? = =8^ 

12 3 

Ex. 2. How much per cent is Cof 15 1 
• Let iT*- the no. reqd.* 

Then *.• x must bear the stme ratio to 100 that 6 bears to 15, 

. -. i : 100 ; : 6 : 15, 

whence x * = 40, 

• 15 
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Ex. 3. If a dealer gains 20 per cent, on his outlay by sell- 
ing rice at 3Rs. a maund, what was the cost price ’? 

Let X = the cost price reqd. in rupees. 

Then •.* for every lOORs. of cost price, the sale brings 
120Rs., 


a? : 3 :: 100 : 120, 

, 100x3 10 

whence x = = — 

120 4 


5 . 
2 ' 


the cost price = 2Rs. 8a. 


Ex. 4. A factor realizes 75Rs. as commission on the sell- 
ing price of grain at 2 per cent. What was that price ] 

Let X =s the price reqd. in rupees. 


Then x : 100 :: 75 : 2, 


whence x = = 3750 ; 

the price reqd. = 3750 Rs. 

Ex. 5. Goods worth £ 400 are to bo insured at the rate of 
2 per cent. To what 'amount must they be insured so that in 
case of loss, the .value of the goods and the premium paid may 
he recovered ? and what will be the cost of insurance ? 


If the. goods be insured for £ 490 only, then in case of loss 
the premium paid will be lost, as the party insured will got 
£490 only. If however every £100 - £ 2 or £98 of the 
value of the goods be insured for £ 100, then paying £ 2 as 
jiremium for the £ 100, the party insured will in case of loss 
recover £ 100, i, e., £98 (the value of the goods) + £ 2 (the pre- 
mium paid)., llcifbe putting 

X = the reqd. amount in pounds, 
we have 

98 : 100 :: 490 : ar, 
whence x = 

the amount reqd, £^100. 

And the cost of insurance, being 2 per cent, on the amount 
insured, i. per£r, 

^ £500 *■ £10. 
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228. Def. The Average of several quantities is a quantity 
which being taken as often as there are quantities will give 
a sum equal to the sum of the given quantities. 

It is therefore found by dividing the sum of the given 
quantities by their number. 

Examples involving the term average may be worked out 
in the manner given below. 


Ex. 1. A tradesman in 3 months gains 625Rs., 590Rs. and 
1020Rs. AY hat is his average monthly gain for these 3 
months I 


The rend, average 


625 ^-590 + 1020 


= Rs. =745 Es. 

t> 


Ex. 2. In a class of 9 boys, there are 2 boys each 9 years 

old, 3 b(»ys each 10 years old, and 4 boys each 11 years old. 

What is the average age of the boys in the class? 

rpv 1 3x9 + 3x10 + 4x11 

I he average reijd. = years 


18 +30 +44_ 
9 


- years 


92 

= years 


= 10|- years. 

Ex. XLII. 

1. If the annual value of a holding be 240Rs., and the 
tax imposed upon it be 18Rs, per annum, at what rate per 
cent, on the annual value is the tax levied ? 

2. A dealer buys gram at IR. 14a. a maund, and sells it 
•at 2Rs. per maund. What does he gain per cent, on his out- 
lay ? And at what price per maund must he sell it to secure a 
profit ,of.20 per cent. ? 

3. A dealer by selling goods at 3Rs. 11a. per maund makes 
a profit of 18 per cent, on his outlay. What was the cost 
price ? 
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4. A factor realizes 120Rs. as commission on the selling 
price of grain, at l-J- per cent. What was that price 1 

5. Goods worth £3900 are to be insured at £2i per cent. 
To what amount must they be insured so that in case of loss 
the value of the goods and the premium paid mayt be re- 
covered ? 

6. A zemindar raises the rent of every ryot by 1 pice in 
the rupee. By how much per cent, is the income of the 
zemindari thereby increased? 

7. In a class composed of 30 boys, there were present, 
on Monday 29, on Tuesday 26, on Wednesday 27, on Thurs- 
day 25, on Friday 28, and on Saturday 21. What was the 
average daily attendance during the week 1 

8. A gentleman earned 950011s. from the first of January 
to the 30th of April ; lOSOORs. from the Ist of May to the 
30th of September ; and 4300Rs. from the 1st of October to 
the 31st of December. What was his average monthly incx)me 
during the year 1 

SECTION HI. FELLOWSHIP. 

229. Defs. Fellowship, called also PartneiIship, is a 
method by which the profits or losses of partners in any trade 
ur business are determined. 

It is called Simple Fellowship or Compound Fellowship 
according as the capitals of the several partners 
vested in the joint trade for the same period or for different 
periods of time. 

Examples of Fellowship are only particular instances of 
Division into Proportional Parts, and are worked out in the 
manner given below. • 

1. Simple Fellowship. 

Ex. Two partners i and 5 contribute 5000Rs. and COOORs. 
respectively for there joint business, and make* a profit or 
990Rs. What share of the profit will each get ? 

As the profit is to be divided in proportion to the 
contributed by each, the question is reduced to dividing 99U 
into parts proportional to 5000 and 6000. 
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Hence the share of A =5000 x 


990 


5000 i- 6000 


Rs. 


= 450 Rs. 

990 

“■> 

' -640 Rfl. 


II. Compound Fellowship. 

Ex. Ill a joint trade, A contributes the sum of 4000Rs. 
which remains, invested for 5 months, and B contributes 
3000 Rs. which remains invested for 6 months. They make 
a profit of 570 Rs. What is the share of each ? 

The sum of 4000 Ra. invested for 5 months is the same 

as 5 X 4000 Rs 1 month ; 

and similarly • 3000 Rs ..6 months is the same 

as^ 6 X 3000 Rs 1 month 

and thus the question is reduced to one of Simple Fellowship 
where the capitals of the partners arc 5 x 4000 Rs. and 
6 X 3000Ra., i. <?., 20000R8. and ISOOORs. 

570 

Consequently, the share of A ^ 20000 x -——Rs. 


and 


= 300 Rs. 

18000 X 


570 

38000 


Rs. 


= 270R8. 


EX.XLI1L 

1 . Two partners in trade ‘contribute respectively 4000R8. 
and 5000R8., and they gain 1360Es; How ought the profit 
to be divided between them 1 

2. A trading* firm with a capital of £25000, is composed of 
three partners, A, jB, and C. . A owns £6000,4.^, £9000, and 
£7, the remainder of th3 capital If the profits of the firm 
amount to £3000, how much of it will each get % 

3. A tiMiding firm is composed of two partnm A, and B. 
For every rupee that A owns in the capital,!? owns timse rupees. 
How ought a profit of 24O0Ks. to be divid^ between them ) 
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4. J opens a shop with a capital liOOO Us. Four innutlis 
after, joins with a capital of 300011s., and two jnoutli>> after 
y/s joining, C adds a capital of 45U0U<. ■ Tlu* profits of rlu; 
hliop at the end of a year, amount to OOORs. How ought the 
amuiuit to be divided I 

fi. In the preceding Example, if J |)iits in a fartlier sum of 
fiOORs. when (7 joins, and the profits amount to IMORs., how 
mncli of the amount will each get I 

t). A buys an estate yielding an income of 17000Rs. per 
annum, and 4 months after his purchase, sells a five annas sl^o 
of it toJJ. How ought the income to bo divided at the end of 
the year ] 
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CHAPTER IX. 


INTEREST. 


230. Deps. Interest is money paid for the use of money. 

The sym lent is called the Principal. 

The principal together with the interest for any period is 
called the Amount. 

Interest is generally reckoned at a certain rate per cent, per 
annumy i. e., for a year. In this country interest is often reck- 
oned at a certain rate per cent, per meme^n^ ?. f., for a month. 

When interest is charged on the principal alone, it is called 
Simple Interest. 

When interest remains unpaid and is added to the principal 
as sov/u as it is due, and then interest is charged on the whole, it 
is called Compound Interest. 

231. When interest has to he calculated from one given 
day to another, as for instance from the 15th of August to the 
2nd of December, the first day i .e.,the 15th of August is left 
out, hut the last day i. e,, the 2nd of December is taken into 
account. This is the rule given in English books on Arithmetic. 
But in this country rhe practice is just the reverse, interest 
being charged for the day of borrowing and not for the' day of 
repayment. The result, however, would be the same in both 
cases. 

232. Since Amount * Principal + Interest, 

Interest — Amount - Principal, 
and Principal =* Amount - Interest, 

SECTION I. SIMPLE INTEREST. 

233. Given the, principal, the rate, and the time, to find the 
interest. 

Ex. 1. Find* the interest on £^25 for 3 years at 6 per 
cent, per annum. 

Let X = the interest reqd. in poupds. 

Then •.• <£l6o give £6 in one year. 

£100 will give £ (3 x 6) in 3 years ; 

and as £325^. .£ xin the same period of 3 years, 

at the same rate, 
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• 100; 325 3x6;^^ 

325x3x6 117 

and X = Jqq » 


/. the interest reqd.»£58. 10^. 

Ex. 2. The sum of 650Rs. is lent on the 2nd of December 
1872. Find the interest due on the 16th of August 1875, at 
5 per cent, per annum. 

Here the time for which interest is due is the time from 
2nd l)ecember 1872 to 16th August 1875, and in reckoning 
that time, the 2nd of December is to be included and the 16 th 
of August is to be excluded. Now the time from 2nd December 
1872 to 1st December 1874 is 2 years, and that from 2nd 
December 1874 to 15th August 1875, both days inclu- 
sive, is 

(30 + 31 + 28 + 31 + 30 + 31 + 30 + 31 + 15) days or 257 days; 

the whole time is 2 years and 257 days or 2 m* years. 

Hence as in Ex. 1, 

the interest reqd. =* — Rs. 


In practice it is usual to calculate the interest for the year 
and that for the days separately. 

Thus in the above Example, 
the interest for 2 years x 2 x 5* 


100 


-Rs.* 


and ...257 days* 


650 


100 

13x257 




65Rs. 

_650 x 257 x5 
100x365 


Rs. 


Bs. 


the whole interest 


2x73 

-22^R8.; 

146 ’ 

146 ' 


3341 
‘ 146 


Rs. 


Ex. 3. Find the interest on 750 Rs, 8 a. for 2 years and 
10 months at 7| per cent, per annum. 
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In Examples like these, where the months are not named, 
3 month is taken to be yV ^ year. 

Hence in this case, the no. of years = S-J-J = 2^* ; 

:md the principal = 750 Rs. 8 a. = 750J- Rs. 


‘I'herefore as in p]x. 
the interest reqd. = 


3 , 

750?-x2-; x7t 
100 

1501 X 17 X 

2 ^ GV2I; ioo 


25517 

'160 


Rs, 


= 159 Rs. 7a. 8f-p. 

From the above we deduce the following Rules ': 

RuiiE 1. To calculate the interest for any number of years 
Liitep al or fractional, multiply the principal by the number of 
wars, and the product bv the rate per cent, per annum, and 
di\ide the result by 100 ; the quotient w'ill be the interest 
X pressed in the same denomination as the principal. 

Rule IT. To cilculnte the interest for any number of days, 
ujiiltiply the principal by the number of days, and the prodiict 
)jy the rate per cent, per annum and divide the result by 
1 00 X 365 : and the quotient will be the interest required. 

234. From the preceding Article we see that if the rate be 
a rate per-cent, per annum, and the time be expressed in years, 

Interest = ^ 

•. 1 00 X Interest ~ Principal x Time x Rate, 
iiud .*. dividing both sides by Principal x Rate, we have 
Time- ^00’^ In terest *2) 

Again, dividing both sides by Principal x Time, we have 

= (3) 

Principal x Time 

Lastly, dividing both sides by Time x Rate, we have 
. 1 100 X Interest 

^ Timex Rate ^ ' 

An equation like any of the preceding, (1), (2), (3), or (4), is 
called a 


16 
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From the four formula given above, we see that when any 
three of the four quantities, principal, interest, rate, and time, 
are given, the fourth can be found. 

235. We can obtain the above formulse independently ot 
Art 283. Thus take formula (2). 

Let it be required to find in how* many years £550 wiW 
amount to £616 at 6 per cent, per annum. 

Let X « the no. of years reqd. 


Then in x years £100 will give a? x £6 as interest 

and £550 £616 - £550 or £66 

at the same rate, 

100 : 550 :: a:x6 : 66, 
and ar X 6 X 550 = 100 x 66, 


whence x = 


100 ^ 66 
550 x 6 ’ 


... j 100 X interest 

1 . the tune reqd, — — r — ; — i 

principal x rate 

Similarly by the application of the principle of proportion, 
the other two formulae (3) and (4) can be obtained independ- 
ently of Art. 233. 

236. Given the amounty the rate and the time, to find th^ 
principal. 


Let it be required to find what sum will amount to 616 Rs. 
in 2 years #it 6 per cent, per annum. 

Let X the sum reqd. 

Then 100 Rs. in 2 years amount to (100 + 2 x 6) Rs. 

and X Rs 616 Rs. 

at the same rate of interest, i. e. at the same rate of increase, 
IfiO ; a; :: 100 + 2 x6 : 616, 

, 616 X 100 

whence . 

Principal - Amount x 100 


100 + Time x Rate 


237. When partial payments are made on different dates, 
ihe interest for each interval is calculated on the, portion of 
the principal that remains due during it^ as will be^ seen from 
the Example givm below. 
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Ex. The sum of 600 Rs. is borrowed on the 3rd 
•lauuary 1874; and on the 7th of February and the 21 st of 
A{)ril following, payments of Rs. 50 and Rs. 100 respectively 
are made in liquidation of the principal. Find the amount 
due on the 21st of May following, at 5 per cent, per annum 
''imple injorest. 

The process may be stated thus : — 


Rs. 


I Principal = 600 


Rp, 

Int. = 2 ^ 


. « 600 - 50 
= 550 

.=550- 100 
= 450 




= 1 » 
, — i Yy 


Kroin 3rd Jan. to 6th Feb. 
both days inclusive 
e., for 35 days 

> rom 7th Feb. to 20th Apr. 
both days inclusive V 

for 73 days | 

Krom21btApr. to 20th May | 
bv^tn days inolusi'^c. /• 

i. €., for 30 days j 

Total lOyY-g 

1 bus the reqd. amount due =450Rs. + lO-j-^VRs. = 460-y\^^Ks. 

We have supposed the payments to be made in liquidation 
of the pil*Acipal only. If however the creditor has the choice 
of appropriating the payments, and he takes them in liquida- 
tion of the interest due as well as the principal, the process 
will stand thus ; — 

Eor the 1st period, Principal = 600 Rs. Int. =2f| Rs. 

7 2nd *= 600 Rs. - (50 - 2f-J-) Rs. 

= 552HR6.;Int. = 5i|fRs. 

3rd = 552-H- Rs. - (100 - 5^||'>Rs. 

= 458iHRs.lnt. = 

Here we need not add the interests, as the last interest is 

the only one that is due, the others having been paid up. 

rru 2.3r)5o4\« 

Thus, the amount due = ^458-^ + 1 — — )Rs. 

Rs. 


^365 
77094 
^2664:50 


238. When there is a mutual account current between two 
persons, 80,« that each may be regarded as a lender and a . 
borrower in respect of the sums paid and received by him 
respectivelj, the payments and receipts by either of them, 
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(which will be the same as the receipts and payments by tJie 
other,) are kept separate, and on opposite sides of the accouiu, 
and interest runs on each side, for each period on the sum 
that remains duo for that pei*iod, as will be seen from the 
Example given below. 


B 


receives 


on Apr. 2. 1874, 

Apr. 22, ... 


Ex. A '' receives from B 
on Mar. 3, 1874, 10,000 Rs. 

... May 12, 2,000 

Find the balance due to B on May 17, allowing 
1 8 i per cent, per annum. 

The calculation will stand thus : — 

On the left side of the account — 

From Mar. 3 to May 11 


A 

Rs. 


from 
'lOO 

9100 

interest at 


both days inclusive > 
e., for 70 days ) 


Principal = 10000 Rs., lat - iloO TN 


From May 12 to May 16 1 

both^ays inclusive, | Principal = 12000 Rs., Int. 30 R-. 

i. e.y for 5 days ) 

Total 380 

Thus on May 17, the total sum due fvom A to B 

=<12000 + 380) Rs. = 12380 Rs 
On the right side of the account — 

From Apr, 2, to Apr. 211 

both days inclusive V Principal = 100 Rs., Int. = IR. 
i. e. for 20 days j 
From Apr. 22 to May 16 ) 

both days inclusive , =9200 Rs. =11.0 Ks 

€. for 25 days j 


Total 116 Rs. 

Thus on May 17 the total sum due from B to A 

= (9200 + 116) Rs. =9316 Rs. 

Therefore on May 17, the balance due to B 

= (1 2380 - 9316)Rs. = 3064 Rs. 

The above mode of calculating interest is callec^ in this 
country the Ganga^Jarriurm mode,- because interest on sums 
paid by By and that on sums paid by A, run side by side like 
the Ganges and the Jumna. 

If we regard A alone as the borrower and RAhe lender 
having the option of appropriating payments in his own way, 
the acc.ouut will stand differently thus : — 
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From Mar. 3 t.o Apr. 1 \ 

Loili days inclusive > l^'incipal = 10,000Rs.; Int. = 150 Rs- 
i. e. for 30 days ) 

Oil Apr. 2, after payment of 100 Rs. lut. due = 50 Rs. 

From Apu-. 2 to Apr. 211 

both days inclusive Principal =» lOCOORs.; Int. = 100 Rs- 
L e., for 20 days ) 

On Apr. 22 Int. due =150K.s. 

From Apr, 22 to May 111 

both days inclusive ... = iOO00Rfc.(910O-150)'Ks. 

L c., for 20 days j 

= 1050 Es.; Int. = 10! Rs. 

From May 12 to Maj^ 16 1 

both days ihcliisive > . = 1050 Es. + 2000 Es. 

i. e.f for 5 days I 

= 3050 Es.; Int. = Es. 
Therefore on May 17, the amount *duc to B 

= (3050 + 10! + 7(;) Es. 

* ' * = 3068i Ea. " 

Hence it will be seen that the Ganga-Jamuna roodo is more 
advantageous to the borrower than the latter mode j and the 
reason is obvious. For whereas, in the former mode, the .sum 
of Rs, 100 paid by A on Apr. 2. carries interest in his favor, in 
the latter mode, being taken in liquidation of interest due, 
it does not cany any interest in his favor. For convenience of 
calculation, the former mode is often adopted instead of the 
latter. 


Ex. XLIV. 

1. Find the skuple interest and the amount 

(1) Of 75Rs. for 1 year at 6 per cent, per annum. 

(2) Of 80Rs. for 2 years at 9 

• (3) Of fr25Rs. for 2| years at 7 J ; 

(4) Of 2560Rs. for' 4 years at 12 

(5) Of £1050 10s. for 5 years at 4.^ 

(6) Of £5500 for 3^ years at 4J 

(7) Of lOSORs. for 2|years at per cent, per mensem. 

(8) Of 750Rs. for 2 ye^rs at 1 J.t 
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(1) On 60 BrS. for 4 months at 2 per cent, per^ mensem. 

(2) On 85 Rs. for 9 months at 

(3) On 225 Rs. for 10 months at 10 per cent, per annum 

(4) On 520 Rs. for 8 months at 9 

(5) On 120Rs. for Tmonths at Ipice per rupee per month 

( 6 ) On 56 Rs. for 6 months at 2 

(7) On 1200 Rs. from October 18, 1878 to March 
21, 1879, at 6 per cent, per annum. 

(^S) On 1560 Rs. from July 21, 1870 to June 20, 187 i 
at 9 per cent, per annum. 

On £500 from March 20 to August 31, at 5 p!?*^ 
cent, per annum. 

3. In what time will 

(1) £1<'»00 amount Jo £1500 at 5 per cent, per annum ^ 


(2) £625 amount to £800 at 4 ' 

(3) 120Rs, amount to 200R8. at 10 j 

(4) 40000 Rs. amount to ’50000 Rs. at 4 ? 


(5) 80 Rs. amount to 100 Rs. at per cent, per 
mensem '? 

(6) 125 Rs. amount to 200 Rs. at 1 Jper cent, per mensem ? 

4. At what rate of simple interest will 
(1) 60 Rs. amount to 80 Rs. in 2 years 1 


(2; 75 Rs 100 Rs. in years 1 

(3) £4000 £5000 in 8 years 1 

(4) £640 £700 in 5 years 1 

( 5 ) lOOORs 1250R8. in 4 years? 

(6) 2225 Rs 2670 Rs. in 2 years? 


5. Find the sum of which the interest is 

{IV 60 Bs. in 3 years at 4 per cent, per annum* 

( 2 ) £80 in 2 years at 5 

(3) £100 in 5 years at 4 

(4; 600Rs. in 2 years at 4 ; 

(5) lOOOOBs. in 5 years at 6 * 

(6; 1664Bs. in 8 years at 13.- 
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6. What sum will amount to 
(1) * £100 ill 3 years at 4 per cent, per annum 1 


(2) £625 in 5 yeiirs at 5 '? 

(3) lOOOORs. in 4 year^ at 12 I 

(4/ 25000Rs. in 6 years at 10 1 


7. In what time will a sum double itself at 4 per cent, per 
annum ? 

S. At what rate will a sum double itself in 5 years ? 


SECTION II. COMPOUND INTEREST. 


*239. Rulk. To find the compound interest of a given sum 
for a given time at a given rate, find the interest of the given 
sum lor the first year, and add it to the principal for that 
year ; the sum will be the principal for the second year. 
Find the interest of ^his for the second year, and add it to 
the principal for that year ; the sum will be the principal 
for the third year. Proceed in this way, and the sum of 
the interests for the several years will be the eompouiul 
interest required. 

The reason for this Rule is obvious from the definition (»f 
(’ompound interest, • 


Ex. Find the compound interest and the amount of 32oJiS. 
for 3 years at 5 per cent, per annum. 

We have, 

principal for 1st year = 325 Rs., 


int, 


325 X 5 

"Too“ 


16.25RS.; 


principal 2nd 

int 


341.25 X 5 

‘ 100 


341.25RS., 

= 17.0625RS. ; 


principal for 3rd year 
int s 

« j* 


358.3125x5 

1 A A ' 


358.3125R8. 

17.915625R.H. 


amount at the end of the 3rd year » 376.2281 25 Rs., 
and the imt. reqd. — (16.26 +, 17.0625+17.916635) Rs, 

« 51.2281261U. 


51B&- 3a. 2| pice. • 
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To avoid fractions, the calculation is usually made in deci- 
mals. 


240. It is customary, when compound interest for a num- 
ber of entire years and for a part of a year, as for instance for 
2 J years, is required, to find the interest for the last or, the 3rd 
year, and then to take f of it as tlia interest for the |ths of the 
3rd year. 


When interest is payable oftener than once a year, the 
interest due at the end of each interval will have to be added 
to the principal foe that interval, as will be seen from the 
Example given below. 

Ex. Find the compound interest of £250 for 2 years at 
4 per cent, per annum, interest being payable hj.ilf-y early. 


We have 

principal for 1st half year 

mi 

principal.... 2nd 

int 

principal.... 3rd 

int 


250 X 4 
¥xTuu 

255 X 4 
2x100 

250a X 4 
2x 100 


=*£250. 

^£ • 500 
= £255. 

= £ 51 

= £260*1 
= £ 5*202 


principal.... 4 th 
int 


265*302x4 


= £265 302 
=£ 5 '30604 


2x100 

*. the compomid interest reqd. = £(5 + 5*1 + 5*202 + 5*30604) 
♦ =£20*60804. 


Ex. XLV.. 

Find the compound interest and the amount 

1. Of 80Rs. for 2 years at 10 per cent, per annungi. 

2. Of 75Hs. for years -at 8 .* 

3. ' Of £125 for 2 years at 4 

4. Of £500 for 3 years at 10 s 

5. Of 2000Rs. for 2 years at 4 

6. Of 25000Rs^ for 3 years at 10.... 
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PRESENT WORTH AND DISCOUNT. 


241. When a sum of money is payable at the end of a 
^iven ^ime, and the debtor, instead of waiting for that time, 
wishes to pay oflf the debt immediately, it is clear that he 
ought to pay, not the whole amount due, but something less, 
US he will not have the use of the money for the given time, 
and the creditor, who will have that use, may, by investing 
tiic money .at the current rate of interest, get at the end of 
the given time an amount equal to what wras then payable 
tu’iginally. 

Dkfs. The amount which the creditor is entitled to receive 
when payment is made before it is due, is called the Present 
Value or the Present Worth of the amount due. 

The allowance made on any sum payable lifter some time, 
when it is paid before it becomes due, is called Discount. 

Hence, 

IVesent Worth = Given sum - Discount, 

and Discount = Given sum - Present Worth 

= Int. on Present Worth for the given time 
at the assumed rate. 


242. To find the present value of a given mm due at the etid 
of a given time, at a given rate of simple interest. 

Let it be required to find the present value of £750 due 
3 years hence, at 5 per cent, per annum simple interest. 

Let 37 = the present value reqd. in pounds. 

Then £100 in 3 years at 5 per cent, will amount to 
£100+£(3x5> 


£l00 is tho present value of £ (100 + 3x5) due 3 years 
hence at 4 per cent. « ^ 

and £ x is the present value of £ 750 due 3 yeai s hence 
at the same rate; 

. 100 07 :: 100 + 3x5: 750. 


whence x 


fOO X 750 
100 + 3x5' 


L Present Value 


100 X Given s um. 
100 + Time x Rate* 
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Ex. A tenant has to pay a rent of 240Rs. at the end of 
the year. If he pays at the beginning of the year, what sum 
will suffice, supposing the rate of simple interest to be 12 per 
cent, per annum ? 

By the formula, 

the amount reqd. = — Rs. 

^ 100 + 1x12 


100 X 240 „ 

m- 

. E,. 

7 

= 214 Rs. 4 a. 2| pice. 


243. To find the discount on a given sum due at the ^7id of a 
given time at a g^ven rate of simple interest. 

Since discount =* given sum - present value, 

the discount is found by first finding the present worth 
(Art. 242) and then subtracting it from the given sum. 

It may also be found independently thus ; 

Let it be required to find the discount on 250 Rs. due 2 
years hence, at 5 per cent, per annum simple interest. 

Let X = the discount reqd. 

Then £100 in 3 years will amount to £(100 + 3x5) 

£(3 X 5) is the discount on £(100 + 3 x 5) due 3 years 

hence at 5 per cent. 

and £ x £250 ; 


2i0 : 100 -h 3 x 5 


and . X 


250 X 3 X 5 
100 + 3% 5 ’ 


1 . e.. Discount = 


Given eum x Time x Rate 
100 + Time x Rate 



Ex. If the credit price of a set of books to be paid after 6 
months be 1 50 Rs ; what deduction will be made when the^ 
price is paid in cash, supposing the rate of simple interest to 
be 1 8 per cent, per annum ] 
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By the formula, 

the deduction or discount reqd. 


"Jii, Since the present value of any sum is less than that 
sum, • 

and since the discount on any sum is the interest on its 
present value, 

the discount on any sum payable after any given time is 
less than the interest on that sum for that time at the given 
rate. 

The distinction between discount and interest will be made 
clear by an Example. 

Ex. If 5 copies of a certain book can be had for a certain 
sum payable at the end of a year, and 6 copies for the same 
sum paid immediately, find the rates of discount and interest. 

Since cash price of 6 copies = credit price of 5 copies, 

. 6 X caeh price of 1 copy = 5 x credit price of 1 copy, 
and.', cash price of 1 copy credit price of 1 coJ)y 

= credit price of 1 copy 
- i of 1 credit price of 1 copy. 
Hence in 1 year, discount on credit price of that price 

and.- : 100 Rs. = ioflOORs. = 16|Rs. 

or 16| per cent, is the rate of discount. 

Again, 

• 5 X credi<> price of 1 copy =* 6 x cash price of 1 copy 
. credit price of 1 copy«f of cash price of 1 copy. 

. ~ cash price of 1 copy 

of cash price of 1 copy. 

Hence in 1 year, 

intiei-est of the cash price » y of that price 

and 100 Rs. of 100 Rs. —20 Rs. 

or 20 per cent, per annum is the rate of inter est. 


150x1 X 18 

1 | ^ • 

150 X y _ 

- ro9 


Rs, 


_1350 
109 

= 12 Rs. 6a. 
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245. Defs. a Bill of Exchange or a Hundi is a writing 
by which one person directs another to pay a certain sum of 
money to a ttoxi at a certain time. 

A Promissory Note is a writing by which a person promises 
to pay a certain sum of money at a certain time. 

Bills of exchange, promissory notes, and hundis are instances 
in which money is payable at a future period. In cases of 
bills of eechange and promissory notes, except those payable 
on demand, after due date, three additional days called days of 
grojce are allowed by the law of England so that a bill or a 
note becomes legally due three days after it becomes nominxilly 
due. In ■ cases of hundis in this country, merchants and 
bankers usually allow three days of grace. 

A bill or a note drawn on the last day of any month and 
made payable a certain number of months after date, will 
become nominally due on the last day of the last month 
whether it be the 28th, 29th, 30th or 31st, and legally due 
on the 3rd of the next montli. When the day on ^diich a bill 
with or without the days of grace is due falls on a Sunday, 
Good Friday, or Christmas day in England, the bill or note 
becomes due on the previous day. 

246. When a banker makes cash payment to the holder of 
a bill for a given sum payable after a given time, it is 
customary to deduct the interest on that sum for the given 
*time instead of the discount ; and as by Art. 244, the interest 
is always* greater than the discount, the transaction is always 
advantageous to the banker. 

Ex. A bill of £500 is drawm on April 3, 1874 at 6 months 
date, and is discounted on June 25, at C per cent. What does 
the banker gain by the transaction 1 

Adding th6 3 days of grace the bill falls due on the 6th of 
September 1874; and from the 25th of Jnne to the 6th of 
September, there are 

6 + 31 + 31 + 5 or 73 days; 


. '. interest deducted »= £ 


500 X 73 K 5 
100 X 365 


= £5, 


and the true discount 
the b«anker’s gain 


lOO + ^V^^S 


-.500 ^96. 

'^■51 ^lOT 
*ioi ^ iDi**' 


i 
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Ex, XLYI. 

Find the present worth of • 

(1) . 1 OCRs, due lyeur hence at 12 per cent, per ann. simp, iiit* 

(2) . £200 due 2 years hence at 5 

(5)« £784 due 3 years hence at 4 

(4) . 1020 Rs. due 4 years hence at 9 

(5) . 575Rs. due 2 years hence at 71 

(G;. 2G2311S. due 12 years hence at 6 

2. Find the discount on 

(!).♦ £260 due 1 year hence at 4 per cfent. per ann. simp. int. 

(2) . £1045 due 2 years hence at 5 

(3) . 1239Rs. due 3 years hence at 6 

(4) . 1560Ks. dae 4 years hence at 71 

(5) . lOOORs. due 5 years hence at 10 

(G). 1250Rs. due 6 years hence at 12J-...* 

3. A bill of £ 500 drawn on the 13th of March, and pay- 
able 6 montlis after date, is discounted on June 30th at 4 per 
cent. What does the banker gain by the transaction ? 

4. A grants a lease of his zemindaiy to B for 3 years 
B after paying all expenses and the rent reserved by the lease, 
has a clear profit of 1200 Rs. a year. If at the end of a year, 
B agrees to give back the estate to A upon receipt of proper 
comperisation, what ought the amount bf such compensation 
to be, supposing the ordinary rate of interest to be 6 per cent, 
per annum f 

5. The Prom Chund Roy Chand Studentship is* worth 
2000 Rs. a year, and is tenable for 5 years. For what sum 
paid down immediately, ought a successful candid^e to com- 
mute it, if the rate of interest be 4 per cent, per annum ? 

6. If the c^sli price of aljook be 5 Us. 5a., and its credit 
price payable at the end gf a year, GRs. 4a., find the rates of 
interest and discount. 
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CHAPTER XL 

EQUATION OF PAYMP:NTS. 

247. Deps. When several debts are due from one person 
to another after different periods of time, the time after ^hich 
all the debts may be paid at once without loss to either party 
is called the Equated Time of Payment. 

To satisfy the condition of fairness to both parties, the 
equated time ought to be such that the sum of the oroi»ent 
values of the several debts due after their respective periods is 
#»qual to the present value of the sum of those debts due after 
tlie equated time. In practice, however, the condition of fair- 
ness is supposed to be satisfied if the [^m of the interests on 
the several debts for their respective times is equal to the 
interest on the stun of those debts for the equated time. On 
this supposition the rule for finding the equated time may be 
deduced from the following Example. 

Ex. Three sums IQORs. 200Rs. and SOORs. are due after 
2, 3 and 4 years respectively. Find the equated time of 
payment. 

Let X = the equated time reqd. in years. 

Then by the supposition, 

int. on lOORs, for 2 years + int. on 200Rs. for 3 years 
+ int. on 300Rs. for 4 years. 

*= int. on (100 + 200 + 300)Rs. for x years ; 

100 X 2 X Rate ^ 200 x 3 x Rate ^ 300 x 4 x Rate 

^“100 loo Too 

^ (100 + 200 + 300) X a: y Rate 

"" ' Too 

or multiplying both sides by 100 and dividing by the Rate, 
100 X 2 + 200 X 3 + 300 x 4 = (lOP + 200 + 300) x x ; 

100x2 + 200x3 + 300x4 

100 + 200 + 300 ’ . * 

Hence we get the following Rule. 

Rule. Multiply each debt by the time |fter whneh it is 
due, and divide the sum of th^e products by the sum of the 
debts. The quotient will be tne equated time require^. 
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Ex. XLVII. 

1. A owes B lOORs., whereof the sum of ^OKs. is to be 
[laid in 3 months, and the remainder in 4 months. Find the 
equated time, 

2. A debt of £1000 was payable at the end of a year. The 
Jebtor liowever pays £200 after 3 mouths, and £300 after 4 
)ijonths. When ought the remainder to be paid 1 

3. • A tenant pays a yearly rent of 500Rs. according to tin 
following instalments : — lOORs. at the end of 3 months ; 
h.'ORs. at the end of 6 months ; SOORs. at the end of 7months; 
and lOORs. at the end of the year. When ought he to pay 
1 he whole vent if he pays it in one sum ? 

4 i4'owes .5 a debt of 4800Rs,, one-half of which is due 
ii 3 mouths, one-third in 4 mouths, and the remainder in 8 
juonths. Find the ctpiatjpd time. 

5. Find the equated time of payment of £960, J of which 
is due in 7mouths, ^ in 9 months, and the rest in 18 months. 

6. A owfes B a debt payable in 8 months, but he pays I 
of the debt in 4 months, and J in 5 months : when ought the 
remainder to be paid? 
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CHAPTER XII. 

STOCKS. 

248. Dep. Stock means the capital of banks or trading 
companies ; or the capital borrowed by any GovemiKcnt to 
meet national expenses. 

In the latter case, it is called the Fa, ids or the National 
Debt, and is also called in England consols^ a contraction for 
consolidated anmdtieSj and in India, Government Securities or 
Government Promissory Notes. 

When afiy Government raises capital by borrowing, it 
aeneralJy reseiwes to itself the option .of paying off the princi 
pal at any future time, promising how'ever to pay intere.-^t 
j\;gularly at fixed periods. In India, the interest on Govern- 
ment Securities is generally paid half-yearly. 

Bunks and trading companies make periodical distributions 
of tl'icir profits amongst their shareholders, the portions of 
the profit given to the shareholders being called dtcidends, 

249. Stock is transferable by sale, and at any time can 
))e converted into money. But its price is continually fluctu 
»tiag, depending upon a variety of causes, and amongst others, 
upon the amount of money available in the market for invest 
ment in Stock. 

Stock is said to be at o. premmm, at par or at a discount 
according as the price of lOORs, stock is greater than, equal 
to, or less than lOORs. in money. 

When lOORs. stock at 4 per cent, is sold for any suqh 
as 105Rs. or lOORs. or *98Rs. as the case may be, for every 
]05Ks. or lOORs. or 98Rs, the purchaser will get 4Rs. per 
annum as interest from Government. 

Sto*ck is bought and sold through brokers who generally 
charge on every lOORs. stock bought or sold. Thus, the 
purchaser of the 4 per cents at 102 will have to pay 102Rs. + |R 
nv 102J^Rs. for lOORs. stock purchased. 

In working out Examples however, the brokerage, if not 
mentioned, ueei not be taken fhto consideration. 
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250. The different classes of Examples in Stocks can be 
worked out by the aid of the principles olF proportion. We shall 
give one or two instances of each. 


T. Value of Stock. 

Ex. 1. What amount of stock in the 4 per cents, at 95 can 
be bouojit for 19000 Rs. ? 

Let .r amount reqd. in rupees. 

Then 95Rs. is tlie price of 10(X Rs.#.stock, 


and .• 


95 : 19000 :: 100 
_ 19000 X 100 
95 


20000, 


and the amount of stock reqd. = 20000 Rs. 

Ex. 2. ’When the 5 percents, are at 102, what is the cost of 
pnr'^'basing £2720 in the 5 per cents., brokerage being -J- per cent.? 
Let X = the cost reqd. in pounds. 

Then •.* £100 stock cost £102J, 

.-. 100 : 2720 :: 102 J : a; 


and . •. X 


2720 x8 17 

8 X 100 


17x817 

5 


= 2777|, 


and the price reqd. = £2777. 165. 

II. Interest on Stock, ' ♦ 

Ex. 3. What is the interest on Government Securities fo*' 
I'OoOORs. at 4^ percent, for 2 years ? 

Theint. reqd. = - ^ - "' Rs. =1755Rs, 

Ex. 4. What annual income can be secured by investing 
1 7000Rs. in the 4 per cents, at 102 ? 

.Let X f= income reqd, in rupees. 

TbeiJbtf'.* 102Rs. give 4 Rs., 

102 : 17000:: 4 : ar ; 

, 17000x4 aaa2 

whonco* -666f, 

and.v income reqd. = 666| Rs. 

, III. 'M^AIIISON AND TRANSFER OP STOCK. 

Ex. 5 - f.be ^ per cents, be at 92 and tht? 5 per cents, at 105, 
which is V’- more profitable investment of the two ? 

In thi* f rmor case 92 Rs. give 4 Rs. 

or 1 R; gives /y R. 


17 
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In the latter case lOSRs. give 5Rs. 

orT. R. gives T§-5 
And as is greater than 

. *. the latter is the more profitable investment of the two. 

Ex. ,6. "VVhat change in income is produced by the transfer c»f 
7 500 Rs. stock fronl the 4 per cents, at 98 to the 6 per cents, at 
105? 


The income before transfer = 


‘-Ho--*"**' 


Now let scathe amount in rupees of the C per cents, that, 
can be bought for 7500 Es. in the 4 per cents. 

Then *.* every 100 Rs. stock in the 6 per cents, costs 105 Rs. 

and 4 98... 

and the quantity of stock that can be bought for a given 
amount varies inversel^^ as the price per 100 Rs. stock. 

98 : 105 :: it: : 7500 ; 


whence x — 


7500x98 
105 


- 7000 ; 


the transfer gives 7000 Rs. in the 6 percents. 

1 xn • 7000 X 6 ^OA T> 

and the income =* ; — --™ — = 420 Rs. 
v ^ lUU 

The transfer therefore increases the income by 1 20 Rs. 


Ex. XLVIII. 

1. Find the amount of stock that can he purchased bj 
investing 

(1) 4818 Rs. 12 a. in the 4 per cents, at 

(2) 4650 Rs. in the 4 per cents, at 93. 

(3) 63000 Rb.‘ in the 5^ per cents, at 

(4) £3380 in the 3 per cents, at 84^. 

(5) £9072. lOs. in the 4 per cents, at 95J. 

(6) 27000 Rs. ^ in the 6 per cents., at 108. 

2. Find what sum will purchase 

(1) 10000 Re. in the 4 per cents, at 97. 

(2) 12000 Rs. in the 5 per cents, at 105. ** 

(3) 200 Rs. in the 4|. per cents, at 101, 

(4) £600 in the 3 per cents, at 88. 

(5) £1800 in the 4 per cents, at 96. 

(6) 25000 Bs, in the 0 per cents, at 106, 
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3. Find the yearly income arising from the investment of 

(1) 9637 Rs. 8a. in the 4 per cents, at.96^. 

(2) £13950 in the 3 per cents, at 93. 

(3) £13520 in the Sj'per cents, at 84J. 

(4) 31500 Rs. in the 8 per cents, at 105. 

(5) * 45362 Rs. 8 a. in the 4 per cents, at 95^. 

(6) 13500 Rs. in the 6 per cents, at 108. 

4. . Find which of the two is the more profitable investment 
in each of the following Examples : — 

(1) The 4 per cents, at 96 and the 5 per cents, at 108. 

(2) The 3 per cents, at 84 and the 4 per cents, at 96. 

(3) The 4 per cents, at 95 and the 6 per cents, at 115. 

( 4) The 4^ per cents, at 105 and the 4 per cents, at 9G 

(5) The 3| per cents, at 90 and the 4 per cents, at 98. 

(6) The 6 per cents, at 112 and the 4J per cents, .at 92, 

5. Find the change in income resulting from the trans- 
fer of • 

(1^ 15000 Rs. stock from the 4 per cents, at 98 to the 5 
per c^is. at 105. 

(2) 12000 Rs. stock from the 5 percents, at par to the 
4J per cents, at 90. 

(3) £6300 stock from the 3 per cents, at 84 to the 5 
per cents, at 105. 

6. At what rate per cent, does a person receive interest 
wiiu invests his capital 

(1 ) In the 4 per cents, at 94 ? 

(2) In the 3 per cents, at 84 ? 

(3) In the 4J per cents, at 102 ? 

{4f In the 6 per cents, at 112 

7. If 100 Rs. stock in the 4 per cents, can be purchased 
for 96 Rs. 40 a.^ for what sum may the same quantity of stock* 
be pqrchased in the 4^ per cents, with equal advantage ? 

8. ' If a person invest 14456 Rs. 4 a. in the 4 per cents, 
when they are at 96f, what will be his loss of property when 
they fall to 961 
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CHAPTER XIII. 

ALLIGATION. 

251, Defs. Alligation is a method of finding the price of 
a mixture when the prices and quantities of the ingx-edients 
are given, or of finding the quantities of the ingredients when 
the prices of the ingredients and of the mixture a^e given. In 
the former case it is called Alligation Medial, and in the 
latter, Alligation Alternate. 

252. In Examples of Alligation Medial, proceed thus ; — 

Rule. Multiply each price by the corresponding quantity, 

and divide the sum of the products so obtained by the sum of 
the quantities. The quotient will be the price of the mixture. 

The reason for the Rule will be evident from the Example 
given below. 

Ex. Find the price per maund of a mixture of 2 mds. of 
rice at 4 Es.. a maund, 3 mds. at 3 lls. a maund, and 4 mds. 
at 2 Rs. a maund. 

The price of 2 mds. at 4 Rs.. = 2 x 4 or 8 Rs. ^ 

3 3 =3x3 or 9 .... 


4... 

2 =4 X 2 or 8 

9.,. 

., of mixture = 25 Rs. 

.* 1.... 

— ^Es. 


= 2 lls. i2a. 5^ pies. 

253. The Rule for working out Examples of Alligation 
Alternate may be deduced thus 

First let there be only 2 ingredients at prices 12 Rs. and 
20 Rs. per maund, to be mixed so that the price of t^v mixtui’e 
may be 18 Rs. per maund. « 

Let X : y or £ be the ratio of the quantities reqd. 

• y 

Then by mixing x parts at 12 Rs., and y parts at 20 RjS. we 
shall have a mixture of a? + y parts at 18 Rs. ; 

-9--j? = l8 (by the preceding Buie) ^ 
a;+y 

or. multiplying both sides by a; + y, 

12 X a? -I- 20 X y = 18 X ip + 18 X y, 
or subtracting 12 x a; from both sides, 

26 xyc» 18 xa ?- 12 xa? + 18 xy, 
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or subtracting 18 x y from both sides, 

20 xy - 18 X y = 18 xrtr - 12 X .r, 
or^x(20-18) = arx(18-12), 
or dividing both sides by x (18 •- 12), 
a-_20- 18 
• y 18-12^ 

g., the quantity of each kind is proportional to the differ- 
ence between the price of the other and that of the mixture. 

Next, let there be several ingredients at prices 12 lls. 
14 Rs., 20 Rs. and 22Rs. . 

Arrange the i)rices in the manner 12 -— n 4 

shown in the annexed figure, and 141 ) 2 

joiif the prices of the ingredients 20 J | 4 

m pairs such as 12 and 22, and 14 22 — ' 6 

and 20, so that each pair* may consist of one price below and 
one above the price of the mixture. Then for each pair, find 
the quantities as in the first case. Thus corresponding to the 
prices 12 and 22, w^e have the quantities 22-18 and 18-12, 
4 and 6 respect ivelyj and .similarly, corresponding to the 
prices 14 and 20, ihe quantities 2 and 4 respectively. And 
mixing each pair of quantities, we have a mixture of 10 parts, 
at 18 Rs., whereof 4 parts are at 12 Rs. and 6 at 22 Rs, 
and another mixture of 6 parts at 18 Rs., whereof 2 parts are 
at 14 Rs. and 4 at 20 Rs. ^ 

Now since each of these two mixtures of two ingredients 
has the given price 18 Rs., a mixture of any • quantities of 
these mixtures will have the same price 18 Rs. Therefore a 
mixture of the 10 parts of the first mixture and the 6 parts 
of the second will give a mixture of 16 parts at 18 Rs., whereof 
4 parfS^' are at 12 Rs., 2 at 14 Rs., 4 at 20 Rs., and 6 at 
22 Rs. 

Hence we deduce the following general Rule. 

Rule. On one side of a vertical line place the price of the 
mixture, and on the other, the prices of the ingredients in 
descending coder. Alligate the prices in pairs so that each 
pair may consist of one price below and one above that of the 
mixture^ and so that every price may be joined with one or more 
others. (Opposite each price, place the difference or the 
differences between the price or prices with which it is linked 
and the plrice of the mixture. The number or the sum of the 
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numbers opposite to each price will represent the con'espond' 
iug’ quantity. 

Ex. Find the quantities when their prices are 2 Rs., 4 Es... 
G Rs., 8 Rs. and 10 Rs. a seep respectively, so that the price of 
the mixture may be 7 Rs. a seer. 

Proceeding by the Rule, we take two modes oP linking 
which are marked I and II. 



Til I, we link 2 and 10, 4 and 8, 6 and 8 ; and opposite to «S 
we have two numbers 3 and 1 which are respectively the 
differences between 7 and the numbers 4 and 6 with which it is 
linked; and opposite to ea'ch of the others, we have one number. 

In II, we link 2 and 10, 4 and 8, 6 and 10, and get two 
numbers opposite to 10. 

We can verify each of the results thus : — 

2x3 + 4xl+6xl+8 x4 + 10x5_98^ - ^ 

3 + 1 + 1+4 + 5 Ti" ^ 

2x3 + 4x1 + 6x3 + 8*,<3 + 10x6_112_^ 

3 + 1+3 + 3+6 “ 16 

Thus we see that we can have as many modes of mixing as 
.there are modes of joining the prices two and two according 
to the Rule. 

From the process of alligating or joining the ^t 0 S,.this 
method of operation is called Alligation. 

Ex. XLIX. 

1. Find the price per maund of a mixturOr of 3 nids. lof 
sugar at 15 Rs. a maund, 4 mds. at 13 Rs. 8a., ai>d 5 mds. 
at 11 Rs. 

2. Find the price per dram of a mixture of 2 oz. of 
quinine at 12 Rs. an ounce, 3 oz. at 11 Rs. 8a. an ^ounce, and 
4 oz. at 9Rs. an ounce. 
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3. Find the price per maund of a mixture of 10 mds. of 
rice at 4 Rs. a maund, 12 mds. at 4 Rs. 8a., and 8 mds. at 
3 Rs. 4a. 

4. Find the price per pound of a mixture of 20 lbs. at 
£i. 10s. a pound, 3 qrs. at 18s. a pound, and 1 cwt. at £ 1 . 
7s, a pound. 

5. Find the proportion of the ingredients ‘ when theii* 
prices are 2 Rs. and 4 Rs. per seer, so that the price of the 
mixture may be 3 Rs. per seer. 

6. Find the proportion of the ingredients when their 
prices .ire 3 Rs., 5 Rs., and 6 Rs. per maund, so that the price 
of the mixture may be 4 Rs. per maund. 

7. Find the proportion of the ingredients when their prices 
a-r^ IR. 8a. a seer, 12a. a seer, and 40 Rs. a maund, so that 
the price of the mixture may be 50 Rs. a maund. 

8- The price of an alloy per seer is 14a., and the prices of 
its ingredients per seer are 12a., and 1 R. 4a. • Find" -the pro- 
portion of the ingredients. 

9. Find the proportion of the ingredients when their prices 
are 3 Ra., 4 Rs., 5 Rs., and 6 Rs. per seer, so that the*price of 
the mixture may be 4 Rs. per seer. 
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CHAPTER XIV. 

EXCHANGE. 

254. Deps. The method of converting any sum of money 
<.f one country into an equivalent sum of money of another 
is called Exchange. 

The Par of Exchange means the intrinsic value of a coin 
of one country as compared with that of another. 

By the Course of Exchange is meant the actual value at any 
time of a coin of one country in terms of a coin of another. 

Thus, a rupee weighs 180 grs. Troy, whereof -fj-ths or 

165 grs. are pure silver (Art. 159) ; and a shilling weighs 

1 ^ 1 rr 12 X 20x24 , - 37 , 

— of 1 ft. Troy or gi’s. whereof --ths that 

is 80y®y grs. are pure silver (Art. 142) : so that the quantity of 
silver contained in a rupee is a little more than what is con- 
tained in 2 shillings ; and assuming the expense of coinage to 
be the same in both cases, the intrinsic value of IR. : that of :: 
165 : 80y^y, i,e,, the intrinsic value of 1 R. is a little more than 
that of* 2s, Hence at par 1 R. ought to exchange for a little 
more than 2s, But actually, the expense of coinage and a variety 
of other causes produce a variable course of exchange^ a rupee 
exchanging sometimes for 2s,, sometimes for a little more, 
and sometimes for a little less. 

Arbitration or Comparison of Exchanges is i-he method of 
finding the rate of exchange between the first and the last of 
a given number of places, when the rates between the first and 
second, the second and the third <&c. of these places are known. 

255. We have already in Art. 193 indicated tlielshi^^od of 
converting the money of one country to that of anoth^**^' We 
shall here add a few more Examples. 

Ex. 1. A person in Calcutta wishes to remi^ £6700 to his 
agent in London. What must he pay when Jihe exchange 
at 2s. l^d, a rupee ? 

Let a;«sum reqd. in rupees. 

Then *.* IB. is woith 2s, 1^. or 

and xRb, are 6700 x 20a, 

..s:l :: 6700x20 ; 

whence = 64000, the no. of rup^&reqd. 

, 67 
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Ex. 2. A person pays 64000 Ks. for a bill of exchange, 
at 2s, IJc?. per rupee. What is the amount of the bill ? 

Let sc = amount reqd. in pounds. 

Then •.* 1 R. is worth f J s. or 

and G4000 Rs. are £ x, 

•••'•^:-«Vo::C4000:l; 

whence x =-^-^-^152^ = 6700 the no of pounds re(jd. 


Ex. 3. A person lias to 
exchange for £ 6700. What is 
Since 64000 Rs. = £6700 
6700 


1 R.= 


64000 


pay 64000 Rs. for a bill of 
;he course of exchange ? • 


— -P_<L7_ 

= 2s. l-l d. 

Ex. 4. If the exchange between London and Calcutta 
be at 2s. Id. sl rupee, and that between Calcutta and New 
York at 2*24 Rs. a dollar, what is the course of exchange 


between London and New Yorki 
1 R.«2s. ]c?.=H S'i 
and 1 dollar =2*24 Rs. 

224 


= ?-f 5 . = is. 8d. 


Ex. L. 

1. Ai^rson in Calcutta wishes to remit £340 to his 
agent ij;*fJSn3on. What must he pay when the exchange 
is at is. 1-^d. a rupee ? 

2. What is the value in Indian money of £500 when a 
rupee is worth \s. 8d. 1 

3. A person has to pay 4500 Rs. 8 a. for a debt due to* 
a mei'chant in Loudon, when 1 R. = Is. 9d. What is the 
amount of the debt in English money 

4. A person has to pay Rs. 6000 for a debt of £550 
due to a preditor in London. What is the value of a rupee 
in English money f 

5. Whenjie exchange between England and India is Is. 
lOd. per rupee, and between Englalid and St. Petersburg, 
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2.s‘ 9^/ per ruble, v\hat is the course of exchange between India 
.uid St Petersburg ? 

b. If the exchange between England and India, and 
bet^^een England and St. Petersburg be as in the preceding 
Example, and that between India and St. Petersburg be 1-J- 
Hs per ruble, is it more advantageous to a person in Calcutta 
ro remit money directly to London, or circuitously through St. 
Petersburg? * 
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CHAPTER XV. 

til 

SQUARE ROOT. CUBE ROOT. 

SEC. I. SQUARE ROOT. 

. 250 Defs. The Square of a given number is the product 
of that number multiplied by itself. It is also called 
the second power of that number (Art. 42), and is denoted by 
y>laciiig the figure 2 above the number a little to its right. 
Thus 9^-9 X 9 =81. 

The Square Root of a given number is the number whose 
s(]itare is equal to the given number. It is denoted by the 
placed before the given number. 

Thus \f 16 '=, ^ 

257. Since 

yT_= 1 

-y^lOO = 10 

\f lOW = 100 
V" 1000000 = 1000 

&c. = &c., 

the squaiT root of any number 
between 1 and 100 must consist of 1 figure 

100 and 10000 2 figures 

lOilOO and 1000000 ...3 

^ and so on. 

‘ Hence if we place a dot over the figure in the units' place 
of any given number, and thence over every second figure 
to the left, the number of dots will be equal to the number 
of figures in the integral part of the root. Thus the number 
2436 with the dots will stand thus, 2436, shewing that there 
are two figures in the integral part of the root. 

258. To find the square root of a given number. 

By pointing the given number as in Art. 257, we can 
ascertain the number of figures in Hie integral part pf the 
rodt. *Now let us see how the root itself is to be found out. 
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Take any number 48. 

Then 48 » =2304 

and also = (40 + 8)® = (40 + 8) x (40 + 8) 

= 40 X (40 + 8) + 8 X (40 + 8) 

= 40® + 8 X 40 + 8 X 40 + 8® ^ . 

• =40® + 2 X 8 X 40 + 8* 

In this last form in which 48* can be written, we see how 
tlie parts of the root enter into the composition of the 
power. Now let us see how we can obtain 48 or 40 + 8 from 
the last expression. The first part of -the root, t.e., 40 
is the square root of 40*. Subtraeting 40* from the given 
number, we have 2x8x40 + 8* left. Now if we divide 
2 X 8 X 40 by 2 x 40, we get 8, the second figure in the root. 
And multiplying 2 x 40 + 8 by 8, we get 2x40x8 + 8® ; and 
subtracting this product from 2x8 x40 + 8*, the portion of 
the given number left after deducting 40®, we have nothing 
more left. 

If the root be a number consisting of more figures^ than 
two, for instance, if it be 483, it may be ■written as 480 + 3, 
and its square as 480* + 2 x 3 x 480 + 3*. Here having found 
4 and 8 as before, we may find the third figure 3 in the same 
way as above, by supposing 480 to stand in the place of the 
number 40 in the hrst case. 

The process may be stated thus : — 

40* +2x8 x 40+ 8*. (40 + 8 
40* 

2 x40 + 8 12 x8 x40 + 8* 
or thus : — 

1,600 + 640 + 64 (40 + 8 
1,600 

80 + 8 640 + 64 . 

640 + 64 

or thus (omitting cyphers, and representing the given number 
as one number without breaking it into parts) , 

2304 (48 
1 6 

88 1^04 

Hence we deduce the following Rule 
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Rule. Place a dot over the figure in the units' place 
of the given number, and thence over every second figure to 
the left, thus dividing the number into several periods. 

Find the greatest number whose square is not greater 
than the first period at the left : this will be the figure in the 
highest place in the root required. Place it in the form of a 
(paotient, subtract its square from the first period, and to the 
remainder, if any, annex the figures in the next period in the 
giveA number. Divide the number thus obtained, omitting 
Its last figure, by twice the part of the root already ‘obtained, 
annex the quotient to the part of the root already obtained and 
to the divisor, and multiply the resulting divisor by the 
quotient, and subtract the product from the number formed 
by the first remainder and the second period. To the re- 
mainder annex the next period, and proceed as before. 
Repeat this process, for each successive period. 

Ex. Extr&ct the square root of 12769. 



12769 

1 

21 


27 

21 

223 


669 

669 

359. Since y^24-66 = 7^ 


( 113 


10 


V^.0066 


^ = 7 634 7 634( 

y 1-634 1000 = K 1000( 

= 7 VI 

1 / loooo'-" 1 


&c. = &c. 


1 ^ 340 . 
10000 ' 

_6T 

100^ 

&c. : 


^ 6340 , 

100 


it follows that in extracting the square root of a decimal 
yrith or without an integral part, if we make the number of 
decimal places even by annexing a cypher when necessary, and 
extract the square root of the resulting number regarded as 
an integer, and in the root thus obtained) point off a number 
of decimal places equal to half the number of those in the 
squaroi we shall obtain the true root. 
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Again . 


/iTs.j/i^oo 
1 / 10000 
&c. =■ &c. 


/Hoo 
1 0 ’ 

■/l 3.30000 
100 ’ 
/ 12 .-. 00 ' 

■ 100 ’ 
ttu. ; 


where the operation docs ikH terminate, wt cui cAirv 
it on to any length annexini' periods of two cyphei^ to thi 
iiiven number and obtaining one decimal place in the i» n 
1 1 1 responding to every such period. 

Ex 1. Extract the square root of G lio. 


G‘25 (2-5 
4 

45 I 22) 

i_2_^ 

Ex. 2. Extract the square root of 2 to plan < f 
decimals. 

2-000000 ( J 414 
1 


^4 'lOU 
9G 


281 

1 400 


> 281 

2824 

1 11900 
11296 


604 


260. The square root of a fraction may be found thus.- 
J^et it be required to find the squa re r#ot of J. 

Now • 

So that the square root of^|^ is found by finding that of li 
and dividing the result by 5. 

Or v^|- may be* found by reducing ® to a decimal, and 
then extracting the .square root of that decimal by the method 
indicated in Art. 259. 
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261. Since the number of square imits in a square =- 
the square of the number of linear units in a side, 

the number of linear units m a side of a , square =- 
tlie square root of the'number of square units in the area. 

Ex. A square plot of land measures 1 acre. Kind tlic 
ieiiffth of its side in yards. 

^ 191 

1 ac. =4 X 40 x-^sq. yds. -:4844t sq. ydh , 

/. the length reqd. = y/ 4S40 yds. 

Now 4840 =69*57. ..as shewn below ; 


4840*0000 
3G_ _ 

129 1240 
jll61 

1385 


( 69*57 


17900 

16925 


13907 


[97500 

97349 


151 


. . the length reqd. = 69*57 yds. approximaleiy. 

The result can be verified thus : — 

The area of the square whose side^is 6^*57 yds. 

= 69*57 X 69*57 sq. yds. 

= 4839*9849 sq. yds. 

which differs f^om 1 ac. by (4840 - 4839*9849) sq. yds., /.r . 
“0151 sq. yd., i.e,, by less than sq. yd. 

If we take a few more decimal places in the root, tlu 
difference become smaller still. In this way, we can fine 
the ude to any degree of approximation. 


Ex. LI, 

1 . Find the square roots of 
(1) 441 i 961 ; 9801 ; 7921 ; 12321 ; 49284. 
• (2) 1681 ; 2601 ; 6241 ; 4761 ; 110889. 

(3) 625; 1225; 2025; 3025; 4225; 5625. 

(4) 7225; 9025; 15129; 54756; 18225. 

(5) 1522756; 1234321; 4937284; 1002001- 

(6) 11108889 ; 4080400 ; 25010001. 
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2. Extract (to 4 places of decimals where the root does not 
terminate) the square roots of 

(1) 1, 2, 3, 4, 5, 6, 7, 8, 9, lO. 

(2) 11, 12, 13, 14, 99, 77, 66. 

(3) 1-2, 2-3, 3-4, 2-34, 1-44. 

(4) -1, -002, -0004, 100 001, -9. 

a"’ "i? 5’ 6 5 7> a> ■»* 

2 _2_ as- -S-G • -g 5 
\^/ ar> in 114^ 361^ 2 2 5* 


3. A square plot of land contains 50 bghs. Find the 
length of its side. 

4. A rectangular plot of land whose length is equal to its 
breadth, contains 5 acres. What is its length ? 

5. A rectangular piece of land whose length is equal to its 
breadth, contains as much land as another piece, which is 5 
bghs. long and 2 bghs. broad. Find the length of the former. 

6. A rectangular piece of land whose length is double of 
its breadth, measures 800 ft. along its length . What must 
be the length of another field whose breadth is equal to its 
length, in order that it may contain the same area 1 

7. The perimeter of a rectangular field whose breadth is 
half of its length, is 6 bghs. Find the perimeter of a square 
plot of land containing the same area. 

8. Two square plots of land contain respectively 2 square 
miles and 10 acres. Find the difference between their sides. 


SEC. II. CUBE ROOT. 

262. Defs. The Cube of a number is the co^xiued prod- 
uct of that number repeated as a factor thrice.^ This product 
is also called the third power of that number (Art. 42), and is 
denoted by placing the figure 3 above the number a little to its 
right. • 

Thus 8* =8x8x8 = 512. 

The Cube Rooi? of a given number is the numbei whose cubij 
is equal to the given number. It is denoted by the sign ^ 

placed before the given number. 
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Since 

I 

/rooo--= 10 
Vr00000T)= 100 
-/j7)0(y/o’(7(3o6= lOo.- 

&c. = ttc. 

the cube root of au\" uuiui)cr 

between 1 and 1000 must consist of 1 ngurc 


1000 and 1000000 2 figures 

...1000000 and 1000000000 3 

and so on. 


I^c::cc if we place a dot over the figure in the units’ place of 
iny given iiuinber, and thence over every third figure to the left, 
the luiinber of doL.s will be ecpiai to the number of figures: in 
the iiitegral part of the root. Tims the number 234G785 with 

tiie fiots will stand thus, 231G785, shewing that there are 
three figures in the integral part of the root. 

2G4. To find the cahe rooi of a (flven number, 

Hy pointing the given number as in Art. 2(33, we can ascer- 
tain the number of figures in the integral part cf the root 
jNTow h ns see how the root itself is to be found out. 

'Fake any number 18. 

Then 18^=5832 

and also -(10 -r 8)^ - (10 + 8) x (10 + 8) x (10 + 8) 

= (10* + 2 X 10 X 8 + 8*^ X (10 + 8) 

= 10 X (10* +2x10x8 + 8*) 

+ 8x(10* + 2 xl0x8 + 8-^) 

= 10* +2 X 10* x8 + 8* X 10 
+ 8 X 10* +2 x8* y 10 + 8" 

= 10* + 3 x 10* X 8 + 3 X 10 X 8* + 8". 

In this last form in which 18* can be written, wc see how 
the parts of the root enter into the composition of the power. 
l?ow let us s*ec bow we can obtain 18 or 10 + 8 from the last 
expression. TIjo first part of the root, i.e.^ 10, is the cube 
root of 10*. Subtracting 10* from the given number, 
we have 3 x 10* x 8 + 3 x 10 + 8* + 8® left. Now if ive divide 


18 



274 


THE ELEMENTS OF AEITHMETIC. 


3 X 10* X 8 by 3 X 10*, we get 8, the second figure in the 
root. And multiplying 3 x 10* + 3 x 10 x 8 + 8* by 8, we get 
3 X 10* x8 + 3xl0x8*+ 8*, and subtracting this product 
from 3 X 10* x8 + 3xl0x8* + 8®, the portion of the given 
number left after deducting 10®, we have nothing more left.* 

If the root be a number consisting of more figures than two, 
for instance, if it be 185, it may be written as 180 + 5, and its 
cube as 180® + 3 x 180* x5 + 3xl80x5*+5®. Here having 
found 1 and 8 as before, we can find the third figure 5 in the 
same way as above, by supposing 180 to stand in the place of 
the number 10 in the first case. 

The process may be stated thus : — 

10® 3 X 10* X 8 + 3 X 10 X 8* + 8® (10 + 8 
10 ® 

3x10* 

+ 3 X 10 X 8 

3x10* +3x10 x8 


or thus ? 

1000 + 2400 + 1920 + 512 (10 + 8 
1000 

3 X 10* » 300 2400 + 1920 + 512 

3x10x8 »240 
8* » 64 

,300 + 240 + 64 2400 + 1920 + 612 ^ - 

, or thus (omitting (^hersand re^esmitiiig th« girea niunbcr 
as one number irithout breaking it into parts) 

6832 (18 ' 



3xl0*«-S)0 
3x10x8 ->240 
8* - 64 

’ 4 , '804 


.4832 

4832 
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Hence we deduce the following Rule; — 

I Rule. Place a dot over the figure in the units’ place of 
the given number, and thence over every third figure to the 
left, thus dividing the number into several periods. 

Fin|^ the greatest number whose cube is not greater than 
the first period at the left : this will be the figure in the high- 
est place in the root required. Place it in the form of a 
quotient, subtract its cube from the first period, and to 
the remainder annex the figures in the next period in the 
given number. Divide the number thus obtained by thrice 
the square of the part of the root already obtained (regarded 
as so many tens), in order to find by trial the greatest number 
buch that the product of that number multiplied by the value of 
3 ; the square of the part of the root already obtained (regarded 
as so many tens) + 3 x the part of the root already obtained 
(regarded as so many tens) x that number + the square of that 
number is not greater than the dividend under consideration. 
That number will be the next figure in the root. Subtract 
the jproduct above mentioned from the number composed of 
the lurst remainder and the second period. To the remain- 
der annex the third period if any, and proceed as before. 
Repeat this process for each successive period. 

£x Find the cube root of 6859 


6859 (19 
1 


3 X 10»-300 
3 X 10-H«ff270 
^ 93^ 81 

651 


5859 

5859 


266. Since V^18775 




18775 

1000 


V18775 


V^678600 1^25^8600 

V25786 loooooo-^ioii ' 

^OOStST 




6781 

lOOOOOO 


Vg^8l . 
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it follows that in extracting the cube root of a decimal 
with or without an integral part, if we make the number of 
decimal places equal to 3 or a multiple of 3 affixing cyphers 
when necessaiy, and extract the cube root of the resulting 
number regard^ as an integer, and in the root thus obtained, 
point off a number of decimal places equal to one-third«of tlie 
number of those in the cube, we shall obtain the true root. 


s 

Again *.• y 13 *= 

-/ 1 - 26 - 
&o. * 


3 

3 


13000 

lOOU 

14400000000 

1000000000 


y V1260000 
1000000 
&c. 


-/1 3000 
lo ^ 

^14400000000 
1000 ' 

^1200000 

100 

&c. 


when the operation does not terminate, we can carry it 
on to any length by annexing periods of three cyphers to the 
given number, and obtaining* one decimal place in the^root 
^soiTesponding to every such period. 

Ex. 1. Extract the cube root of ’12500 


^•12500 


■ 1 ^ 


125000 

1000000 


-v/1 25000 

100 


125000 ( 50 
125 


.*. *50 is the root reqd. 

Ex. 2. Find the cube root of 4 to 2 places of dfcimals, 
4 000000 ( 1-58 
1 


3 X 10* « 300 
3x10x5-* li50 
25 
475 

3x150* -*67500 
3x150x6-3600 
8* 64 ' 

71164 




3000 

3375 

625 ^ 

569312 

55668 
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266. The cube root of a fraction may be found thus : — 

s __ 

Take as an example, V 


. Now, 


3 — 

■K1 


‘2x3x3 

3x3x3 


^18 
3. 


So th&t the cube root of is found by finding that of 18, and 
dividing the result by 3. 

^ Or may be found by reducing 4 to a decimal, and ex- 
tracting the cube root of that decimal by the method indicated 
in Art. 265. 

267. Since the number of solid units in a cube = 
the cube of the number of linear units in an edge of it, 

*. the number of linear units in an edge of a cube = 
the cube root of the number of solid units in the cube. 

£x. A cubical room contains 1728 cub. feet. Find its 
height. 

Height reqd. = !J^1728 

= 12. 

Ex. LII. 

1. Find cube roots of 

(1) 1331 ; 1728; 2197 ; 2744. 

(2) 3375 ; 4096 ; 4913 ; 5832 ; 6859. 

(3) 15625 ; 1367631 ; 10941048. 

2. Extract (to 2 places of decimals where the root does 
not terminate) the cube roots of 

(1) ..£i2;3;4;5;6;7;8;9. 


73) I ; -2 ; -3 ; *001 ; -01. 

(4) 123-456 ; 166*375 ; 287*496. 


J 

3. Find t^leng^ of a cubical room which contains 2744 
cub, ft. 

4. A cube contains 6859 cub. in. Find its, ed^. 



ANSWERS TO THE EXAMPLES. 


Ex. L 


1. 

(1) 10 ; 12 ; 15 ; 19 ; 28 ; 44 ; 56 ; 61; 84 ; 92. 

(2) 101 ; 110 ; 154 ; 300 ; 405 ; 560 ; 774. 

(3) 1001 ; 2051 ; 3263 ; 4000 ; 5500 ; 6780. 

(4) 100001 ; 200300 ; 306709 ; 456004 ; 567432. 

(5) 2000001 ; 3000029 ; 4000560 ; 5600074 ; 6754321. 

(6) 3000000000000 ; 4000000000005 ; 5000000000708 ; 

7000913579136. 

(7) 19000000000000000000 ; 20000000000000000024 ; 

31000000556709827520. 

(8) 100001 ; 203003 ; 561720 ; 1530612. 

(9) 20000002 ; 30507009 ; 56432178. 

(10) 2165016718. 

2 . 

(1) Eighteen ; twenty ; thirty-seven ; fifty-eight ; eizty-nine ; eighty- 
five ; ninety-seven. 

(2) Two hundred and three ; three hundred and forty ; four hundred 

and fifty-six ; six hundred and ninety ; seven hundred and eight ; nine 
hundred and ninety-one. ^ 

(8) One thousand and nine ; two thousand and twenty-nine ; three 
thousand six hundred and ninety ; four thousand eight hundred and 
sixty-two. 

(4) One hundred and two thousand and thirty ; hundred and 
thirty thousand four hundred and fifty ; three hundred tnWsand an Aioor ; 
seven hundred and forty-fivp thousand six hundred and twenty- one, 

(5) One hundred and twenty-three millions, four fa(undred and fifty- 

six thousand seven hundred and eighty-nine ; nine hundred and eighty- 
seven millions, air hundred and fifty-ionr thousand three hundred and 
twenty-one ;0ne huinlred and two inil!ions» thirty thousand four hundred 
and five. - *^ * * *^ 

(6) Two thousand lour hundred andNjrixty-elght millions, one hundred 
and thauwknA two hon^od and fourteen ; two hundred and jforty-eight 
thniisand o|m htmdiod and d^-three mOHons, two burred and dxty- 
iot^ thcmai^ one bundled and twenty ^eigi^ 
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(7) Fifty billions, one hundred thousand two hundred millions, three 
hundred thousand four hundred ; thirty-six thousand nine hundred and 
twelve billions, one hundred and fifty-one thousand eight hundred and 
twenty-one m^ons, two hundred and forty -two thousand seven hundred 
and thirty. 

• (8) Two trillions, three hundred and five thousand eight hundred 
forty-tlyree billions, eight thousand one hundred and thirty-nine millions, 
nine hundred and fifty-two thousand one hundred and twenty-eight ; 
one hundred and thirty-seven thousand four hundred and thirty-eight 
millions, six hundred and ninety-one thousand three hundred and twenty- 
eight, 

3, One lac two thousand and thirty; two lacs thirty thousand four 
hundred and fifty ; three lacs and four ; seven lacs forty-five thousand six 
hundred and twenty-one. 

Twelve crores thirty-four lacs fifty-six thousand seven hundred and 
eighty-nine ; ninety-eight crores seventy-six lacs fifty-four thousand three 
hundred and twenty- one ; ten crores twenty lacs thirty thousand four 
hundred and five. 


4. lO-fS ;20;30 + 7;50-H8;fi0H-9; 80 + 6 ;90 + 7. 

200 + 3 ; 300 + 40 ; 400 + 60 + 6 ; 600* + 90 ; 700 + 8 ; 900 + 90 + 1. 
1000 + 9 ; 2000 + 20+9 ; 3000+600 + 00 ; 4000+800+60+2, 

6. <1) XXV ; XXXlll ; XLVI ; LXXXVII ; XCIX. 

,(2) Cl ; CCXX ; CCCXIV ; DXVI ; CMXOIX. 

(3) MI; MDOCCLVI ; MDCCCLXIV. 

6. (1) 27 ; 84 ; 46 ; 46. 

(2) 99; 801; 1040; 650. 

(3) 1866 ; 1682 ; 1009. 


Ex. II. 

(1) 116. (2) 186. (8) 226. (4) 469. 

(6) 29191 (6) 3830. (7> 2648.^ (3) 3108. 

(9) 2997. (10) 46998. (11) 26908. (12) 8063. 

(19) 97170. 04) 94666782. (16) 4827899. (16) 99649., 

(17)3480846480.(18) 1607804. , 

8. «asi44M8S88I. 8. S86468087.. 4. ]«66; 6840. 

S. l^lk: 835^. 6. 546. 7. 386;^ 

8. 171; sn 1856 ; 518; 860; 1680. i. 
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Ex. Ill; 



1. 0)6. 

(2) 9. 

(3) 10. 

(4) 

(6) 18. 

(6) 78. 

(7) 669‘ 

(8) 

( 9 ) 63. 

(10) 1. 

(11) 178882. 


(12) 433430. 

(13) 90909 

(14) 164421. 

• 

(15) 90909. 

(16) 801244, 

(17) 71638617. 


(18) 864197532. 

09) 9999 

(20) 10000998. 


2. (1) 4500. 

( 2 ) 495000. 

(3) 59700000. 


3. 22; 45; 64; 120 

; 129 ; 110 ; 1284; 11112 ; 138334 ; 49996. 

4 . 2000000 : 200000. 



5. (1) 10. (2) 10. 

(8) 10. 

(4) 4. (5) 3. 


(6) 8. (7) 6. 

(8) 7. 

(9) 7. (10) 5. 



6. 0; 9 ; 4 832; 1018 ; 4; 544; 261 ; 283 ; 140. 

7. (1) 167. (2) 12. 

8. 1 ; 132 : 231 ; 139 ; 422 ; 2365. 


Ex. IV. 

. (1) 492 ; 616 ; 788 ; 984 ; 1107. 

(2) 3192; 8648 ; 4104 ; 4560; 5016. 

(3) 2867 ; 4734 ; 7101 ; 9468 ; 11886. 

(4) 61:^88945 ; 1284567800; 1861861836 ; 2469186780 ; 3086419726. 
(6) 7901234668 ; 11861861862 ; 15802469186 ; 19763066429 ; 

28703703704. 

(6) 66447784 ; 80958006 ; 67661886. 

<7) 97406784 ; 121861072 ; 98517888. 

(8) 405811216 ; 6050Q9612 ; 460901860. 

(9) 8276941063 ; 8677961166 ; 3605040280. 

(10) 82519021020 ; 246989043040 ; 409359066060^ 

(11) 14446089217728 : 76640828066008. 

(12) 12198i681112686869: 13411868024869. 

(18) 109828000000 ; 82678060000; 6568000000({ 

(14) 616760468000000 ; 668741400000. 

(16) 4608616660000 ; 6890616660000. 

(1) 1976290. (2) 18172480. W 86844062. 

(4) 486419200. (6) 6608842968.' (6) 8268980k 
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3. (1) 362880. (2) 4ft080. (8) 29160? (4) 19019. 

4. (1) 286. (2) 2026. (3) 2109375. 

6. lOOOOOOOOOOOO ; 240000000000000. 

6. 99990000000000 ; 199980000000000. 

>. 891000000000. 

Ex. V. 

1. (1) 617 ; 411, rem. 1 ; 308, rem. 2; 246, rem. 4. 

(2) 1162, 864 ; 691, rem. 1 j 576. 

(8) 1185, rem. 3 ; 946, rem. 2 ; 811, rem. 1 , 709, rem. 6. 

(4) 11272, rem. 6 : 9868, rem. 8; 8767, rem. 7 ; 7891. 

(5) 24691367, rem. 4; 12345678, rem. 9; 8230452, rem. 9; 

6172839, rem. 9 ; 4938271, rem. 14. 

(6) 123456790, rem. 1 ; 82304526, rem .9 ; 61728396 rem. 1 ; 
49382716, rem. 1 ; 41152263 ; 1130, rem. 9. 

(7) 271, rem. 213; 189, rem. 183 ; 266, rem. 99, 

(8) 156, rem. 872 ; 126, rem 81 ; 164, rem, 664- 

(9) 2474, rem. 33 ; 1988, rem. 51 ; 2226 rentf 303. 

(10) 5006, rem. 753 ; 4461, rem. 19 ; 4551, rem 217. 

(11) 79314, rem. 721; 26612, rem. 521 ; 15988, rem. 1721. 

(12) 99720, rem. 10128 ; 19045, rem. 5108 

(18) 8000051200, rem. 66145 ; 8000000, rem. 9012345. 

(14) 1386, rem. 4600 ; 1841, rem. 6300 ; 2742, rem. 1000. 

(15) 900090009, rem. 1 ; 90009000, rem, 10000 ; 9000900, rem 10000. 

(16) 100010001 ; 10001000, rem. 1111 ; 11112222, rem. 3333 ; 
1111222, rem. 23381. 

2. 1728; 1162; 864; 691 rem. 1; 576. ^ 

(2) 8394, rem. 3 ; 1697, rem. 3 ; 1131, rem, 7 ; 848, rem. 11. 

(8) 500000 : ^33338, rem. 1 ; 260000 ; 200000 ; 

166666, lem. 4 ; 142859, rem. 1, 

(4) 18888888, rem. 7 ; 12845679 ; 11111111, rem. 1 ; 10101010, ran. 1 ; 
* 9269259, rem. 8. 

(6) 170940, rem, 2 ; 158720, rem, 2 ; 148148, rem. 2 ; ' 

188888, rem. 14; 180718, rem. 16; 128456, rem. 14. 

(6) 1754885, rem- 18 ; 1866668, rem. 18; 1687801, rem. I2 ; 

151515, rem. 11 ,' 1888888, rem. 21. 
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(7) 2739197559, reiA. 22 ; 2656191578. rem. 1 ; 2578068291, rem. 16 ; 
2504409197, rem. 16. 

(8) 687643, rem. 6; 560932, rem. 4; 514187; rem'. 36; 503694, 
rem. 6 s 483941, rem. 21. 

S. 99, rem 99902 ; 9890, rem. 209. 

4. 1, rem. 2000,000. 

5. mill, rem. 100000 ; 110000. 

Ex. VI. 

1. a) a;16;12;16;14;19;19;2S. 

(2) 12; 19; 25; 16; 19; 17; 19; 19. 

(3) 15 ; 8; 4 ; 11 : 17 ; 289 ; 121 ; 361. 

(4) 38; 34; 28; 43. 

(5) 291: 237; 4.38; 213. 

(6) 202 ; 321 j 453 ; 724; . 

(7) 12; 18; 15; 863. 

(8) 4;4;6. 

(9) 9 ; 83. 

2. (1) 6. (2) 12. (8) 5.t4) 36. (5)19.(6)66. 

3. (1) 108 ; 42 ; 126 ; 126 ; 234 ; 2186 ; 595 ; 931. 

(2) 234 ; 858 ; 225 ; 2023 ; 10830 ; 1104. 

(3) 9372 ; 6636 ; 15554. 

(4) 1999998 ; 1294125. 

(5) 18648070123626141. 

4. (1) 2520. (2) 45045. (3) 1680. (4) 6350400. (6) 4200. (6) 860. 

(7) 1085040. (8) 808440. (9) 114578640. OO) 189230. (11) 467 200. 
(12) 118800. 

5. {!) 2x2x28.; Sk2x8x3x3; 8x97; 7x17'; SxSxtO'; 

8 X 8 X 8 X 7. 

(2) 2X2X8X17; 2x2x2x8x8x8: 2x2x%xl3; 17x17 

' 2X2X2X3X19. 

(^) 2x2x8xSX.8x 3 ; 19x19; 2x3x67; 18x31 j, 2X2x101 
(4) 2x7x29; 11x37; 6x83; 2x3x2x8x3x8x3x2x2 ; 
2x3x103. 

; (5) 3x11x23; llx71i 2x6x79; 2x2x3x3x23 ; 

.3^x3,x8xi;x7«' 
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Ex. VII. 


3. 20030040. 
7. 130, 

1. 20336. 

6. fia.5. 


I. 

5. A has 3, B, 6, and C, 9. 6. 9. 

8. 12 in the 1st, 35 in the 2nd, 32 in the 3i'd. 

II. 

5. 26 in the 1st, 36 in the 2nd, 67 in the 3rd. 
7. Rs. 425. 8. 78. 


III. 

5. 16200. 6. Rs. 320 ; Rs. 1920. 7. 144. 

8. 64,1024. 


IV. 

5. 6. Rs. 5. 7. Ri IS. ’ 8. 12 ; 144 


T. 

5. He can distribute the amount among 2, 3, 4, 6, 8, or 12 men. 

6. 12 ; 5, 7. 60. 8. 2520. 

VI. 

3. 2. 4. 21. 5. 147. 6. 179. 7. 24, rem. 8, 

8 . 1 . 

VII. 

3. 121. 4. 453. 

5. The price of the horse is Re. 310 ; that of the carriage, 1550 Be. 

6. 300Be. and 550B». 7. 12 Bb, 8. 300 Be. 


3. 60321^. 4. 12. 

7. 20400. 8. 12. 

Ex. VIII. 


.1. (1) 

10 15 20 

(2) 

27 

so 45 

T** 8* '4'' 

V 

-4’ T* 

<«) 

48 40 1» 

( 4 ) 

24 

40 88 

t* p T ■ 

T* 

6’ 7' 

(» 

m 3^ m 

(«) 

100 

800 400 

IP 15’ 18' 


X’ 18* 


vm. 


5. 19; 11286. 


6. 15 jean 
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2. (1) 2. (2) 3. (3) 3. (4) 4. (6) 2. (6) 11. 

(7) 32. (8) 19. 19) 8«. (10)144 (11) 6. (12) 3. 

Ex. IX. 

1. (1) IJ. (2) If. (3> 2. (4) IxV (5) 

(6) 8. (7) 7H- (8) 23^. (9) 38. (10) 

(11) 14A- (12) lOi^. 

2. (1) f (2) V- (2^ V- (^) ^ 

(5) Vt* (6) 

, (9) W (10) (11) • 

( 12 ) 

3. (1) i- (2) i- (3) /t- (^) ■*• 

(5) f. (6) H- (7) i- (8) i- 

(9) f (10) i. (11) f (12) V- 

(13) HI- (14) tV- (15) i- (1®) ®' 

, (i7)HiH- (18) HH- 

4. (1) H- (2) I- (3) I- (4) V- 

(5) V (8) i (^) 

(9) tH (10) I (11) 5- (^®) 

(13) J- (14) V- (15) I- ('0) 

6.- (1) |. (2) -A- (3) A- (4) I- 

(5) H- (8) H- (^) *' 

(9) H- (10) i‘ (1^) 

(13) (14) HI- (15) A- (^8). 

(17) Hr- (18)TWr (10) H- (20) 

6. (1) A, A. A- (2) l> I’ I- **• * 

(4) H. A. H- (8) ^ 

(7) «, H. H, tf (8) Hi» •«*« «*; 

(9) HH. HH» H« aw- , 

(10) iH, m, m> m- - 
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tItT- 

( 12 ) iVtj Ti't* TTr> tA-- 

(13) HfS. tVs%. t'jVo. AV%. tWo. tWo- 

(11) Hi§. iis-§. ¥M. Hta. m%, m. ms- 

(i«) M. U. IS, II, II- 

/lfi\ f 369 QJ>_ _* 4 _ 0 a 40 _a 7 968 ' 

84e5a~80) 8436a?0» 848'5aB7’ 84B‘5¥80' 

VI 7 \ 17 17 _ 1 J 8 

¥0 47 ¥¥47 ¥0 47 ¥¥ 4 ’ 

/ 1 fi\ 3600 aaso 860 a 8 _ 5 _ 3 a 

4 0 0¥7 ¥¥¥¥7 4 ¥¥¥> 4 ¥¥¥7 ¥¥¥¥* 

In order of value the fractions will stand thus : — 

(2) I, I, f (3) I, tV, I- 
(3) tI, I of I, TF- 

(7\ iiiil 1 1 1 

\*/ 2 , s> 2 ) 51 6» T, '8, T' 


(1) T» l» I- 

(. 1 ) fl, l» TT- 

J6) iof2|,||,f Off 

(5) |» f I) f |i I) |> f 


(9) h f f I, f 


1 . 


(10) 

6 5 3 

T7 8“7 ¥7 

4 8 1 

¥7 B ^ 4 

7 

(11) 

*.*. 3 8 %± lA 

5 17 4.T> 8 1> a 1' 


(12) 

7 13 

T¥7 ¥¥7 

» 7_ 

¥¥7 ¥6 7 

¥Vj|* 

(13) 

2 8 8 3 1 

¥4 7 8 57 1 

2 8 2 
L67 567 

8 4 

1 a « • 

(14) 

15 10 

¥T7 ¥'47 

5 2 .5 

lT7 T¥8 

r* 

(15) 

Aa.i. _** -.3- _A.o . 

P0 07 ld¥7 107 1 00 0* 




Ex 

. X. 




(1) 

f- 

(2) 

f 

(3) 

tV- 

(4) 

H- 

(5) 

!*• 

(6) 

m- 

(7) 

Si- 

(3) 

8ff 

(9) 

19||. 

(10) 

12, 

(11) 

ll- 

(12) 

m- 

(13) 

2H- 

(14) 

2AV 

(15) 

40AVf- 

(16) 

121 If 

(17) 

®¥VtOT‘ (1®) 

T*T^' 





^1) 

in- 

(2) 

xlli* 

(3) 

IH- 

(4) 

UH- 

(8) 

li- . 

(6) 

1. 

(7) 

iHf 

(8) 

52AV5- 

(9) 

t^A- 

(10) 


(11) 

Sin- 

(12) 

108AV 

(13) 29|||. 

(11) 29*^. 

(16) 

84AA 

’ 



1 . 


, Ex, W. 

(1) I- (2) . (3) (4) 

( 6 ). <«) *• (?) ( 8 ) *. 
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2 . 

3. 


(9) (10) 4J. 

(13) 20H- (1^) 24f 
(17) 8 t|t- (1®) 

(1) n- (2) Hi- 

(5) AV 

J. 4. *. 5. ,V 


(11) 3Vt- 
(16) IT^t- 
(19) IJ. 
(3) l':reV 

6 .. |. 


Ex. XII. 


(12) 

(16) 

( 20 ) 

{^) 


1. (1) i- 
(6) -A- 
(9) A- 

2. (1) w 

(5) H- 

3. (1) !*• 


(2) i 
(6) f 
( 10 ) 4 . 

(2) i- 

( 6 ) ^ 

(2) lf4- 


(3) 1. (^) 

(7) A- (8) 

(11) xV (^2) 

(3) tIx- 

(3) 3^ 


Ex. XIII. 


1 . ( 1 ) 2 . 
(5) 9. 
(9) H- 
2. 2f 


(2) 3. (3) 4. 

(6) f (’) 9- 

(10) , If (11) , ^2- 

3. 20. 4. 9. 

Ex. XIV. 


4|^. 

Ilf 


1- 

•A" 

tV* 

» 

IX' 


(4) f 
(8) 3f 
(12) 1^. 


3. If xfr- 


5 . 1 . 6. The former, t 


V 


IL 

1. H, A- 2. 30 feet. 3. 46 years, 20 years, mid 16 years. 

f 3o’,6,6. 6. +H' 6- A- 

in. • 

1.*. 2.*. 2.H. 4.1800,400. 5.A. «■ !». «. 


2 . j4. 8.6. 4. 14 yeaw and 10 years. 6.*. 6- 
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*3. 20. 4. f 5. 6. 

VI. 

*l- (V A- (2) H- 2. tV 3. 36, 18. 12. 4. 2 x3f. 

5. f , f 6. 80 parts. 

Ex. XV. 

1. (1) -3 ; 7 ; *05 ; *66 ; 5 05 ; 660*69 ; 100-01. 

(2) *001 ; 99-009 ; 123*045. 

(3) 1000000*000001 ; 5000050*002053. 

2- (1) Two hundredths ; one and three hundredths ; twenty-one and 

twelve hundredths ; one and one ten- thousandth ; twenty and two ten 
thai^swdths. 

(2^ One hundred and twenty- three and four hundred and fifty six 
thousandths ; seven thousand eight hundred and ninety-one and one 
thonsand one hundred and twelve hundred-thousandths ; thirteen and 
one thousand five hundred and seventeen ten-thousandths. 

(3) One millionth ; fifty hundred-millionths ; five hundred hundred ' 
thousandths/ 

(^) Ai ; 567^; 

loioo i 10 00 y 1 So > 

(3) 35 ; t Woo tt y 

W if ^iy tJtt- 

( 2 ) 66 «; 72 ^; 

(3) J 17^; yfjj 61|^J. 

6 . ^( 1 ) - 1 , 2 - 8 . 6 - 8 , 9 - 9 . 

(2) -0011, 82*109, 88*14, 67*2. 

(8) 1284*66789, 1*00200. 

6. (1) 8,80,800. (2) .08, *8, 8. 

2000’0»>, 200002. (4) 1680, 16600. . 

( 6 ) 2020 . 

7. (1) m *000008. (2) *0816^ *008168. 

<8) •««71, 866-71. (4) 987*6W5,‘98-7«6006. 

(6> *08U16j •0«08141fi. 
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ANSWERS. 


Ex. XVI. 


1. 

(1) 

1371-65295. 

(2) 1234-62345. 



(3). 

12*061623. 

(4) 13708-70669. 



(6) 

1583*00955. 

(6) 80641-003579. 



(1) 

200*387053. 

(2) -616077. V3), 1060000-1700ei. 

3 , 

(1) 

446-806. 

(2) .765-686S. (3) 1017-191. 


(4) 

•00535823. 

(5) 2696-217. (6) 388-85. 




Ex. XVII. 


1. 

a) 

44*37. 

(2) 44-44. (3) : 

l‘»7. (4). 1* 


(5) 

18-8944. 

16) 643-9904. 


2, 

H) 

■9 (-2) 2-97. (3) -999999. (4) 999999999999. 


(5) 

6-3 16) -81 



3. 

(1) 

•014704380. 

(2) *29001. (3) 1*3653. (4) 48*300. 


(.’) 

96-666. 

(6) 5594-6056. 





Ex. XVIII. 


1. 

(1) 

108-78. 

12) 330-6565. 

(3) 6-29. 


14) 

•3136. 

(5) 1074-176108. 

(6) 35-940476. 

2. 

(1) 

1. (2) 

•066. (8) -1. 



(4) 

44-89. (6) 

5. (6) -18^ 


3. 

(1) 

•004096. 

(2) -196928646. 

(3) 45722-668222. 



*00000000003752. (5) *66. 

(6) 6-1^11722. 




Ex. XIX. 

* - V 

h 

(1) 

•24. (2) 

170. (8) 8-69- 

(4) 6-712. 


(6) 

SOSOOi (6) 

•003. (7) 1183-67. 

(8), 18490700. 


(») 

1179000. (10) 

2582,. (11) 12182. 

(12) 420. 


2. (1) 18-6425. &i ,6«»30'4’84r8. . (8) 6r78'2»68. 

(4) *0008. (5) 8.!8866. (8) -OOW. (,7J' -8848. 

(8) -8777. («) llU-7m, OO) 

1000, (8V 18^ (8) 100, (4). • Oil. (6) 100000. * (6) 19. 
8*560. 6 . 08185. . . , ' 





3819 

, •> 

Ez. XX. 


1. (t) -B, -HB, ‘185, •d626, -031^ (8) ‘6, % -78, >2, 

(8) -2. ‘04, -008, ‘0016. • (4) -76, -8, ‘685, -St -04. 

t (S) -44, •9765S26, *8, -4. (6) 80976, ‘82, ‘26, *376. 

" 2. -84824, '«07e8> ‘46M8, 'SSm. ‘00M8, 

(2) ‘38883, ‘14286, *11111, -(WOgO, ‘07a»8. 

(8) 18883, ‘17647, *21062, *28808, 46088. 

(4) *01§66, ■92307,^-98857, 'OSSOS. 

(6) -86464, *9686!^ ‘80888, -96168 

(6) 7*42867, 8'444«l, *06785, *04738. 

3. (1) *428671, ‘8i, ‘8461688^ ‘8886714', *9^ 

(2) *884616, *862880, *8% ‘671428. ^ 

^^^j2867i, *42864!, -6, *4^. (4) *7, -214286% *02^6714, ‘2. 
(6) -i, •'428571, ‘688461. *81. (6) *7, ‘69, ‘088, -016. 

* (1) h n. A. a, VA- (2) m. 2^, sa* 

(3) (4) 

(6) A> At* (6) lir* 2'6Tf> A» AV* 


Ex. XXI. * 

1. (1) -oboe, *1284% *98766. (g) ‘18679, *24081, *61168. 

'(8) *86429, *13086. *78387. (4) *27888, *02787, -09888. 

8. a) 7087086. (2) *40972. (8) 7*48609, 

(4) 6867M. <6) 84*2046% (M 8«1. 


* <7) 2'469fiB. (8) 8S61M20. OOO-OISM 

m) 1‘8; *8^871 -08198. (11) *1287 j ‘41«8 ; 

02) •«;3‘«185; 67*02168. 

(13) I-SIOM. (ID 1-45600* 




AN8WBR8. 


n. 


1. 8-3761. 2. 4798-9028. 8. 10008999. 

4. '8376, 0. 5. -616, 115. 6. 2 x 2-867. 

m. t 

1. ‘18305. 18304 81695. 2. 10 yean, 5 yean. 8. U4, 8. 

4. 100 Bs . 160 Bs., and 640 Ba. 5. ‘2. 

6. 1000 Ba-, 850 Ba., 150 Ba, 

IV. 

1. -26,2-5,2500. 2. 70000. 3. -0464, 

4. The Sid ia the greateat, and the lat the leaat. 5. 1-7698, 6. -8, 

V. 

5 

2. ’•1176470688235294. 3- 

4. •1256’7, -405'. 6. .> *, -286714, ‘SeSC. 

1. -7868. 2. 6-08^ 3. 1-05760. 4. 4,12, 27. 

6. *7858. 6. 1-8289. 

• Ex. XXIIT, 

(1) 2464p. : 5 Ba. 8a. 4p. (8) 4489p. ; 16 Ba. 10a. 

(3) 80586p. ; 81 Ba. 4a. (4) 3769a.: 12 Ba. 4a. 

(5) 6067<i. ; £2. la. id. (6) 30882;. ; £0. Sa. id. 

(7) 27000e2. ; 44 half-guineas, 7s. 5d. (8) £65. 2s. 6d. ; 209 crowns. 

(9) 6792 grs. ; 2oz. lldwts., lOgrs. 

(10) 3154dwt8. ; 21 lbs. 5oz. 2dw(a. 6grs. 

(11) 8872 lbs. ; 62 lbs. 8oz. ' > 

(12) 90272000 grs. ; 4 tons, 9 cwt. 1 qr. 4 lbs. 

(13) 2412 rattis. ; 10 tolas 40 rattls. 

(14) 81420 kancbass 12} seers. (15) 820000 tolas ; 3 mds. 5 seers. 
(16) 88714 yda.;! mile 240yda. Tl7) 869 in. ; 14 ;{da. 1 ft. 9 b. 

(18) 7860} sq. yds* ; 0 ac. 2 ro. 19 p. 5} sq. yds. * 

(19) 25947 cub. in. ; 18 cub, yds. 14 cub. ft. " 

(20) 8200 cubits ; 1 kros 95 fbsib 78 cubits. 

(21) 41600 cubits ; 10 krosese (89) 575 kOtk ; 86 Vghs. 8 kths. 
(28) 796 kths. ; 5 bghs. 8 kths. 2 chts. ^ 
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(24) 1230 grams ; 087*654 grains. 

(25) 456000 centimetres i 78'91 dekam. 

2. 24000(4 . ; £6. lSt.4d. 8. 408600 acres ; 7 bghs. 4Lktlu. 

4. 526960 min.; 420 dandas. 

• Ex, XXIV. 

1. a) £28. 7*. 7iA (2) £89. 18*. 31* (8) £162. 16*. 11* 

(4) 186 Bs. 6a. 6p. (5) 179 Bs. 6a, lOp. (6) 289 Bs. 2a. 8p. 

(7) 149 tons 8 cvt. 14 lbs. (8) 48 tons 11 cwt. 8 qrs. 261bs. 
(9) 137 mds. 20 seers 11 chts. (10) 210 mds. 25 seers 8 chts. 

(11) 32 yds. 1 ft. 7 in. (12) 207 miles 6 fur. 83 po. 

(13) £69. 16*. 7|(4. (14) £108. 12*. 4^(4. 

(15) £209. 7*. 3<4. (16) 260Re. 7a. 2p. 

(17) 109R8. 14a. 9p, 08) UlBs. 14a 2p. 

2. 98(426b2* 18 kths. 7 chts. 3. 77 sq yds. 6 sq. ft. 30 sq in. 

4. 27 lbs. 5 os 4 dwts. 5. 208B8. 12 a. 8 p. ' 

6. 108 miles 2 fur. 31 po. 

Ex. XXV. 

1. (1) £10. 18*. 9|(4. (2) £46. 13* 10(4. (3) £48. 12*. 3i<4. 

(4) £265. lU 1* (6) 8 Bb. Oa. lip. (6) 17Bs. 14s. 9p. 

(7) 89B8. 9a. 9p. (8) 22Rs. Oa. 6p. (9) 241bs.. 80s. 18dwta. 

(10) 17cwt. 2qrs. 221bs. 15 ()e. Idr. (II) ISmds. 80seers 12 chts. 

(12) llmds. lOseers 3chts. (13) 68miles 8fur. 84po. 

(14) Okroses 95 rads. 08) 10 sq. yds. 7Bq. ft. 108sq. in. 

(16) Scab. ft. 1721 cub. in. (17) Sbghs. ITkths. 14clit 

(18) 2 kilog. 7 bectog. 8 dekag. Igram. 

2. (If 7 weeks i days 19 bra. (2) 5 dandas 44 pals. 

(8) 16hrs64'67" (4) 12*66' 66». 

(5) 5a. 7gaa. Stowr. 2kr. (6) 2a. 18gan. Icowr. Ikr, 

Ex. XXVI. 

i. (1) £81 1*. ; £46, 11*. 6(4. ; £77. 12*. 6* 

(2) £66. 6*. 6 *: £82. 18a Hd . ; £99. 9*. 9d. 

(8) £126 4*. Sid . ; (^148. 2*. 6* ; £161. 0*. 31* ’ 

(4) £286. 6*. a* ; £843. 12*. ; £429. 10*. 

(5) 166Bs 6a. ; S49Ba 9a. ; 832Bs. 12a. 





(6) 129B8.‘12a. 3p.; 155R8. 11a. 6p.; 207B8, 10a. 

<7) ISORs. 2a . ; 195Rs. 8a ; SOORs. 6a. 

(8) 170Hs. lOa. 9p. ; 341118. 5a. 6p. ; 512 Bb. Oa. 3p. 

(9) 401bs. Soz. Sdrs. 2scr . ; 501ba. 4oz, 2dr8. leer. 15grs ; lOOlbs. 8oz. 
Sdrs. lOgTB. 

(10) 78cwtw 2quT8. ; 157cwi, ; 235cwt. 2qrB. 

(11) Slmda. 24 aeera 2poWa8 ^ 42mds. 6seers ; 47mds. 16aeera Spowa? 

(12) 260mda. SOaeera Icht. ; 347mdB. SSaeera I2chts ; 556mcls. 23saer9. 

(13) 42wka. libra. 30'; 56wks, IShrs. 20' ; 82wkB. 5daya 5brs. 20'. 

(14) 182dayB lOhrs. 4$'; 188days 8hr8. ; 235dayB lOhra. 

(15) 32kilog. Shectog. Sdekag, Sdecig 5centig. 

65 kilog. 6dekag. 7dedg. ; 97kilog. 5hectog. 9dekag Igram. 

5centig 

(16) Ihectom. 7dekaia Smetrea 2deciiu ; Shectom. 5dekam. 4decim. 
7heetom. Sdecim. 

2 (1) £46. 12a. 6d ; .£466 5a. 

(2) 186Rs. 9a.; 1865Rs. 10a. 

(3) 785cwt. 2qrB. 241bs. ; 1571cl7t. iqt. 201bB 

(4) 8211bB. Soz. lldwta. lOgrs. ; 32121bB. lloz. 16dwts. 16gra. 

(5) 154Bad8. 33 aeera 2ohts. ; 1548mdB. llseera* 4chtB. 


(«) 

S05md8. 586618 ; 457 

' mds. 27BeerB Schte. 



Ex. XXVII. 

1.(1) 

£i. 15s. aja ; £3. 3s. 5\d . ; £2. Is. lid. 

(2) 

£11. 3<. £9. 5s. lid. £7. 19<. 4^. 

(3) 

£8. 9<. 8|a ; £7 10«. 10|a.; £6. 15«. 9^. 

(4) 

£8. 2& Ifi j £3. 2s. IHd. ; £3. Os. 5^S. 

(5) 

SBs. 11a. -^p. j 

4B8. 11a. 10|p. ; 4Ba. 1«. .^p. 

(6) 

lOBs. Oa. lO'j^- 

; 9B8. 6a. 9|p. ; SBs. 6a. fp. 

(7) 

llBs. 14a. ^p. 

j TBs. 4a. 3^^p. 

(8) 

80Bs. la ^p. ; 

35Bb. 9a. 4ip. , ' 

(9) 

14 gals. 1 qts. ; 

4^;b1s. qta. 

(10) 

9 qra. IJ pks. ; 

4 qra. 4 bud. | ptar. 

01) 

1 ovt. 3 qxB. 23i lbs. ; 3 qcB. , 
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2&d- 


(12) 

2 cwt. 2 qrs. 4^ lbs. j 

1 owt. 3 ^ 18 . 17i ll>8- 

2. (1) 

12-1^. (2) 8|-|4. 

(3) (^) ^ 

(5) 

19166400. (0) 4if 

(7) m 

(8) 3. 

. (9) 


(11) 4^ 

(12) 198H. 


Ex. XXVIIL 


I. 

2. 87-1^ grs. ; 3. 400 drs. ; 877f drs. 

4. 3960q. ; 17-j.V Rs. 5. 4752000000. 6. 126. 

It. 

1. 1S7500 mds . ; 18750000 lbs. Troy ; 11719 cartB> the last cart cany- 

ing only 12 mds. 

2. 39062 Rs. 8a. ; 1002604 Rs. 2a. 8p. 

3. 3^^0000^ mds. ^ 150000000 Rs. 5. 113565760 bghs. 

6. 8766 mds. 

m. 

1. £4 6s. id. 2. 5600 pice. 

3. 21 years 45 days,* 19th May, 1850. 4. 29 Rs. 10a. 

5. 27 mds. 18 seers ; 137 Rs. 4a. 6. 8180 days. 

IV. 

2. 44- Rs. 14a. 6p. ; 479 miles. 

3. 25 rupees, 50 half rupees, 75 four anna pieces, 100 two anna pieces^ 

4. 14 Rs. la- 3p. 5. 5 mds. 33 seers. 6. 2516800Q0QQ bghs* 


1. 

275 Rs. 8a. 

2. 

4 Rs. 13a. 

3. 

1950 Rs. 

4. 

56940. 

5. 

12. 

6. 

5. 


• 

# 


VI. 



1. 

45. 2. 15. 

3. 

3 days, 4. 

8' 20". 



5 A gets 400 Rs., *B, 600 Rs., and C, 800 Rs. 
6. 196 Rs. 10a. ; 3 Rs. la. l}p. 

• - Ex. XXIX. 

1. (1) £l. 2s- 6A; M- 3s. 8d. 

.(2) .*612. ISs. 6(2. ; £2- 10s. U- 

(3) M, 19#.; , ^33. 15#« 

(4) £h lU IW-i ^26, 1ft. 
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ANSWERS, 


(5) 2Ra. 14a. 2}p.; 5 Rs. Oa. Sp. 


(6) 

ISa. Ip. ; IR. 5a. 

Ip. 




(7) 

13 cwt« 2 qrs. 

14 lbs. 14 02 . 1 lb. 

7oz. 

13 dwts. • 

(8) 

7 mds. 13 seers 4 chts . ; ‘ 

r mds. 19 

seers 

4 chts. 

(9) 

6 fur. 12 po. ; 

lyd. 

2 ft. 

9 in. 



(10) 

2 days 2 hrs. 

21'; 

2 hrs. 

39'. 



2. (1) 

irs. 

(2) 


•25. 

(3) 

a . .K 
•y, D, 

(4) 

ttI 

(5) 


•03125. 

(3) 

f ; 125. 

^7) 

A; -25. 

(8) 

1 ; 00625. 



3. i; 

•3. 

4. 


•125. 

5. 

-it' 


6. In order of value, the quantities will stand thus : — 

(1) Tt of IR. 8a., yV > I 

of 2a. j 

(2) i of £l.y f of 2 crowus, f of 1 florin. 

(3) f of 15 seers, of 1 pusury, tV of 1 md. 

(4) f of 3 ft., A of 4 ft., ^ of 2 yds. 

Ex. XXX. 

(1) Al. 2». 4<l. (2) 16* 6fi. (S) 4 Re. 14a. l(k|p. 

(4) 18*. ed. (5) 2*. 51^. (6) 8 Rs. 10a. 2fp. 

(7) 2 mds. 14 seen 6 dits. (8) 2 ft. 11^ in. 

(2) 8 days 28 hr*. (10) 1 qr. 11 lb*. 10 oi. 

E3c. XXXI. 

(1) 0. (2) 8».9d. (3) £8.18*. (4) 3R»U.8p. 

(6) 2*. 4p. (6) IR. (7) 2qTs. nibs. (8) 2 in. 

(0) 16 sears. (16) 2hts.28'4o.* 

* Ex. XXXIL 

(1) 17*. |d. (2) A6. 12*. 4d. ' (8) £7. 1*. lOJd. 

(4) lR.4a.Jp. (6) 17R*.6a.^. («) 19Hs.7a.2Jp. 

(7) 1 qr. 9 lbs. 8 oz, (8) 16 seeiB 2j. chts. ((0 . 

(10) 4a2ip (11) lft.2fw. (12) If*." 
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Ex. xxxm. 

(1) CIS. 14«. 1014. • (2) 7S. (3) 12a. (4> 4. 

(6) 16BB.9a. (6) 6 ft. (7) 6 ft. 8 in. (8) |{, 

(9) 10. (10) |. (11) 1 bos. 8i pin. (12) 2. 

* • . Ex. XXXIV, 

1. 660 Bi. 2 672 Ba. 8. 1066 Ba. 10a. 8p. 

4 . p 4 |^S.B 8 . 5. £26.1«.8<i. 6. 162 Ba. 12a. 

7. 8^ Foctoiy mds. ; 5 cwt. 8 qra. dlba. 

8. 105 Iba. Troj ; 86|. Iba. Avoir. 9. 12 Iba. Avoir. 

10. 2 O 7 V ^7* II- 40656 bgha. 12. 146.^^ aerea. 

13. 881 %^^^** lA 13idaada8; 6 ^hr 8 . lA^hr.; 22^ danda 8 « 

^ Ex. XXXV. 

l. 

1. 2-^^. . 2. 9600Rs. 3. ll^srs. ; 2844-1^- ^7* 

4. 560B8. ; £51. 6<. 8<;. 5. 2100Bs. ; 1470B8. ' 

6. ^ ; 3262B8. 8a. 

IL 

1. 48408q. ydi ; ISOOsq. yd.; 19361}ghs. ; 198^ ac. 

2. 2^ miles an hour. 3. ^ ; SlSfbgbs. 

‘0125 ;iT^. 

6. 330ft. ; 

m. 

l.« 228Bs. Va. 6p. 2. 66625B8'. 

3. A gets 800B8., £, 1200Bs., and C, 1500Bs. 

4. A gets 4($6 Bs., £, SOOBs , and C, 99Bs. 

^ 5. jhft ff* 

*6. 33} l&ds. of the first kind, and 66}mdB. ofthe secondkiad, 

IT. 

1. 64Es. Oa, fi}p. 2. 6 days. 3. 395 

4. 7b^hs. 17}ktlis. 5. 266}yd8. & l}|{k 
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ANSWfiSS. 


T. 

1. AtSo’dook, 2. SfhrB. 3. 3e5'342218 days ; 
365'2|!days ; *007782 of a day. 128^^^ years. 

4. &2 Simda]r8 ; 4 Saturdays. 

5. 26400 jojans. 6.. IlfHfflH seconds. 

VI. 

1. 14400gr8. ; 16432*3487gr8,. 2. *62138257. 

3. SOmiles from A ; 12]irB.; 2 hrs. 12'. 

4. 2days. 5. ISgals. 6. In 1883. 

Ex. XXXVI. 

1. (1) 3 eq ft> 54 aq in. (2) ^aq. ft 90 sq.in. 

(8) 14sq. ft. 126aq in. (4) 26 aq. ft. 120 aq. in.^ , z' 

(5) 84 aq. ft, 120 aq. in. (6) 10 aq. ft. 32 aq. in. 

2. (1) 2 cub. ft. 918 cub. in. (2) 45 cub. ft. 972 cub. in. 

(3) 11 cub. ft. 576 cub. in. (4) 33 cub. ft. 432 cub. in. 

3. 277 aq. ft. 72 Bq,in. ' 74 ft. 4. 265 aq. ft. 90 aq. in.; 26 ft. 6| u>. 

5. 125 cub. in, ; 420 cub. ft. 

6. (1) 8 bgba. 12 ktha. (2) 7 bgba. 17 kths. 10 dboola. 

(3) 13 bduL 12 ktha. (4) 25 bgba. 3 Ktba. 10 dboola 

(5) 17 bgba. 17 ktha. (6) 42 bf^ 10 ktha. 

Ex. XXXVII. 

1. 8 aq ft. 5’. 3," 2. 16.aq ft. 6'. 8.» 8. 21 aq. ft- 1.' 

4. 84 aq ft 6'. 5. 50 aq. ft. 5'. 8." 6. 69 aq. ft, 6'. S '. 

7. 60 aq ft. 6' 8*. .8. 58 aq, ft. 1'. 6.' 9. 88 aq, ft. S'. 9". 

JO. 58 s<i. ft. 8' 2." *■ 

Ex. XXXVUI. 

1 33 2. 23bgbs. nfctba. ft <8. la. lid.' 

i 17fta. 9a. 6. 4 bgba. 6. 1410 Ba. 

7. 2iOB8 ft 44yds. . 9. 51840Rs. 

10 2/ ft. 11. 2479Ba.8a, IS. 46**. 

J.' 14. 12ft. din. ll 9ft 

16. l}52btii,ks} lOBs. 15a.l.^p. 17. 88. 
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18> 42 cu1;> it l{il2 ciaib. in. 

19. 32 ii( tlit lab claaa^ 62 in the 2nd, and 192 in.the 3rd. 

20. 3536 Ba. 

Ik. XXXIX. 

« 1. 106Ba. 4.a. ^212Ba. 2. £108; £42.12 4. 6 d. 

3» £84; £226.^ 4. 7iRs. 4a; OBa. 12a. 6 p. 

6. 92 Ba. 8 a.*; ' 141 Ba. 4 a. 6. 275 Ba. ; 230 Ba. 10 a, 

7. £2376; ..e 420. 7 s. 6 d. 8. £2858. 8s ; £^2108 8a, 

*9. £15845. 16 a. 8d.; £5087. 10a. 

■ 10. 2312 Bat 8 a. ; 5166 Ba. 4 a. 

11. 6746 Ba. 4 a.; 5361 Ba. 15 a 8 p. 

12. 6114 Ba. 7a.; 23437 Ba. 8a. 13.» £218. 5a. ' 

14. £43. 15a. 10^ 15. £184. 9a. 3|d. 

^6. lOSBa. 5a. 9p. 17. 1107 Ba. 15a. 3^p. 

18. 8a. 3p. 19. £18. 8a. 20. £21. 6a. 

21. 1120QBS. 8a. 22. 13216 Ba. 8a. 23. 39500 Ba. 

24. 180 Bb Oa. 3p. 






Ei. XL. 



1. 

(1) 6. 

(2) 

188. 

(3) £18. 


(4) 6a. (5) liBs. 


(6) 1. 

(T) 

6^ bghs. 


(8) 4 yda. 6 in. 

2. 

(1) 46. 

(2) 

14*4. 

(3) 3. 


(4) 12.' (5) l|a. 

(6) ^ 






3. 

30 ft. and 15 ft. 

4. 

20 timea. 

5. 

ISBs. 12a. 6. 16mda. 

7. 

278 Be. 2a. 


8. 

20 cwt. 

9. 

The prices are as 5 ; 3 : 


6a. per yard. 


10. 

3B8.12a. 

11. 

1396 Bs. $a. 9.^p. 

12. 

£600. 


13. 

38400 Ba. 

14 

7a. 15. 6500 Ba. 


110000 Ba*. 

• 

17. 

OBa. 

18. 

OBa. 

19. 

19 Ba. 11a. 


20. 

9 : 25. 

«1* 

60-257...sq. ft. 

22. 

18 8496 ft.* 


23. 

840.^ yda. 

24. 24-5 aq ft. 

25. 

226000 Ba. 


26. 

£12800. 



27. 

1 B* ISF S mulberry land. 


28. 1 B for arable laud, and 2 Bs. 8a. for homestead land. 

29. 773 Bs. 8a. 30. 79|Bs. 31. A gets 600 Bs. and B gets 1000 ibt 

32. The shares of A, B, ai^d- 0 are 300 Bs. 600 Be., and 1600 Bs. 

88. -A 
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34. 1 ft 6-75 in. 35. *01590. 36. Obglia. 87, 150 pole®. 

38. 4 bghfl. 16} kths. 89. 8 bgha. 7ikth8. 

40. 60ft 41. 564mlle8. 42. 15 miles an hour. 

43. 15 miles an hour. 

44. Velocity of the Earth : velocity of hight :: 1809 : 18696875. * 

45. 80 ft 46. 45 men. 47. 5 dajffu 48. 60 men. 

49. 14 days. 50. 12 men. 51. 36^s minutes past 

12 o*dock P. M. ; 24^ minutes past 1 o’clock P. x. 

52. 14’ 35"} exactly after 12 days. 53. 40} yds. 54. 6 days. • 

55. 54 men. 56. 10 mds, 57. 456 mds. 10 seers; 25mds. 

20 seers. 58. ^6 Bs. 14a. 

59. 383 mds. 10 seers. 60. 100. 61. 450 Bs. 

62. 12 ox. 63. 20. 64. l'^»y" ; 490 yds. 

65. 5 months. 66. £10000. 67. 38 l^’ past 1 o’clock* ^ ^ 

68. past 1 o’clock. 69. 18*13f. 70. 39 days. 

Ex. XLI. 

1. (1) 3,6,9. (2) 6,9, 12. (3) 9, 12, 15. (4) 8,24, 40,56. 

(5) 100, 200, 300, 400. (6) 165, 195, 225. 

2. A gets 800 Bs., B, 900 Bs., and 0, 1500 Bs. 

3. A gets £1000, B, £800, and (7, £600. 

Ex. XLII. t 

' 1. 74. 2. 6};2BB.4a. 8. 3Bs.2a. 4. 8000 Bs. 

£4000. 6. 1^. 7. 26. 8. 2050 Be. 

Ex. XLIII. . • ’ ^ 

1. 600 Be. 750 Bs. 2. A jets £720, £1080, and C, £1200. 

3. A should have 600 Bs. and B^ 1800 Bs. * 

4. A should have 288 Bs., B, 288 Bs., and C, 324 Bs. 

5. A should have 815 Bs., B, 280 Be., and (7, 815 Bs. 

6. A shotddhave 9500 Bs., and B, 2500 Bs. , 

. Ex, XLIV. 

1. (1) 4iB«..791Ba. (2) 14|B.,94|B8. (8) 28^;R*.748^R.> 

(4) 1828^ 8788 ^Ba. (6) je210 2t. £1260 12*. ^ 
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(5) £844^£6344i. (7) 425} Bs., 1476^ Ib. (8) 226 Bs^ 975 Bb. 

2. (1) 4^ (2) llBs. 16a. 3p. (3) 18 }Bb. (4) 31^. (6) 13B8. 2a. 

(6) 10} Ba. (7) 30.^ Ba. (8) 128^^^ Ba. (8) £1I||. 

^3. (1) 10 years. (2) 7 years. (3) OJ years. (4) 6} years. 

46) 18 months. (6) 4 years. 

4. (1) 18} per cent, per annum. (2) 13} per cent, per annum. 

(3) 3} per cent, per apniun. (4) If per cent, per annum? 

(6) 6f per cent, per annum. (8) 10 per cent, per annum. 

6. (1) 600 Bs. (2) £800. (3) £600. (4) 7600 Be. 

(6) 38333} Ba (6) 1800 Bs. 

8. (1) £89f, (2) £600. (3l 8766}^ Bs. (4) 16826 Bs. 

7. 26 years. 8. 20 per cent, per atmnm. 


1. 16-8 Bs. 98-8 Bs. 

3. £10. 4(.t£135.4(. 

6. 183-2 Bs., 2163*2 Bs. 


Ex. XLV. 

2. 16-9792 Bs., 90-9792 Ba. 

4. £165. 10(., £666. 10s. 

6. 8276 Ba.,33276 Bs. 


1, (1) 89aBB. 
(6) 600Bs. 

2 . ( 1 ) £ 10 . 

(6) 838}Bs. 

8 - 


Ex. XLVI. 

(2) £181.^. tS) £700. (4) 750 Bs. 


(3) 189Bs. (4) 880BS. 


(6) 1526Bb. 

(2)' £95. 

(6) 535}Bb. 

4. 2203|f^B8. 6. 8951|}.f}TBs. 

8. The rate^of interest is 17.^ pec cent, per aimum, and the rate of 
* ' discount 16 per cent. 


• Ex. XLVII. 

1. 8|. months. 2. Alter 20j.months. 3. At the end of 7 months. 

4. -dlm^hs. 6. 16}montii8. 8. Aftw 13 months. f 

Ex. XLVm. 

1. (1) 6000 Bs. (2) 6000 Bs. (8) OOOOlOBs. (4) £4000. 
(6)* £9600. (0) 26000 Bs. 
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2. (1) 9700^ (2J 12900 Bg. (3) 292 Bb, (4) £S28. 

(E) £1728. (9) 29900 Bs. 

3. (1) 400 Bs. (2) £4SOBs. (S) 4E60, (4) 1300 Bb- 

(5) 1900 Bg. (6) 750 Bg. 

4. (1) The latter. (2) The Utter. (8) The Utter. (4) The former. 

(5) The Utter. (9) Theformei;. 

E. (1) .Increase of 100 Bg. (2) No change. (3) Increase of £63. 

9. (1) 4i|. (2) (3) 4^, * (4) Efj. 

7. 108 Bs. 15a. 8. S9 Bs. 4». 

Bs. -XLIX. 

1. 12 Eg. 13a. 4p. 2. 1 B. 5a. 3. 4 Bs. 

6. The ingredients are mixed in equal parts- 

7. 12| 4. 4. 8. 9f 2. 2. 3| 1. 1. 1* 

Es. L. 

1. 3200 Bs. 2. 9000 Be. 8. £398, 15». lOJif. 4. Ir. lOd. 

5. 1B.= j of a ruhU, 9. Circuitously through St. Petersburg. 

* Ex. LI. 

1. (1) 21j81;99;89}lll;222. (2) 41;51;79;69; 888. 

(8) 25; 86; 45; 55; 96; 75 i (41 86 ; 95 : 128 ; 284 ; 136. 

(6) 1234 ; 1111 ; 2222 ; 1001. (6) 3333 ; 2020 ; 5001. 

2. (1) ■ 1, 1-4142..., 1-7320..., 2,2-2860..., 2 4494..., 2-8457..V 2*8284..., 

8,81622... ' 

(2) 8-8186..., 3-4641.,., 8-6055..., 8- 7416..., 9-9498..., 8-7749..., 

8-1240... 

(3) 1-0954..., 1-8165..., 1*8439..., 1-5297..., 1-2. 

(4) -8162..., -0447..., -02. 10-0049..,, -9486... ■ 

(51 -7071..., -5778..., i, -4472..., *4082..., -8776...’, -3535..., J. 

(6) -8164..., -5222...,^, 

3. 7.0710.-hghg 4. 15S-S62ydg. 5. 8-1622...b^ 

6. S65-68...ft. 7. 6*4568...bghs. 8. 1-2892 ..mils*- 


4. £1. 3i. 9id. 
6 . 3 , 1 , 1 ^ 
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Ex. LII. 


1*. 

(1) 

11 ; 12 ; 13 ; 14. 

(2) 

15; 16 

: 17; 

18 ; 19. 


(3) 

25; 111: 222. 





2. 

(1) 

1; 1-25... ; 1-44... ; 

1-68... 

; 170,.. ; 

1-81... 

1-91... ; 2;2*08. 


.(2) 

•79... ; -69... ; *62. 

..; -58. 

: '55. 

; -52. 

J i » •48.t.. 


(3) 

•46... ; -58... ; -66. 

..; 1; 

•21.... 

. 



(4) 

4-97... ; 6-5 ; 0-6. 




% 


14 ft. 4. 19 in. 






THE END. 
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